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RESULTS OF TESTS ON SEWAGE TREATMENT
I. INTRODUCTION
1. Objects of Tests.-The digestion of sludge in Imhoff tanks with
a depth in the neighborhood of 30 feet is a recognized method for the
successful treatment of sewage. The construction of such deep tanks
is frequently both expensive and troublesome. The object of the
tests reported in Part II was to study the practicability of sludge
digestion in shallow Imhoff tanks with a view toward reducing the
expense and difficulties met in the construction of deeper tanks.
Roofs are sometimes placed on sludge drying beds to hasten the
drying process by preventing the moistening of partly dried sludge
during rainy weather, and to prevent nuisance due to odors. The
object of the investigation reported in Part III was to determine the
effectiveness of such protection in hastening the drying of sludge.
In many sewage plants it has been the practice to omit the regular
drawing of sludge from digestion tanks during the winter months be-
cause it is generally supposed that the freezing of the sludge prevents
its drying. The object of the tests reported in Part IV was to deter-
mine whether or not it is feasible or advantageous to draw sludge into
the drying beds in cold weather.
The settling of suspended matter in sewage is among the impor-
tant steps in sewage disposal. Among the factors affecting sedimen-
tation are: the period of retention, the velocity of flow, the concentra-
tion of the particles, the depth of flow, and the temperature. The
object of the investigation reported in Part V was to derive an ex-
pression for the relation between these factors and the per cent re-
duction of suspended particles in the sewage.
Gas of commercial value is produced as a result of sludge digestion
in an Imhoff tank. The amount of gas produced may be increased by
raising the temperature of the sludge. The object of the tests report-
ed in Part VI was to determine the practicability of heating the sludge
compartment of an Imhoff tank to increase the quantity of gas pro-
duced. This investigation was continued in Part VII in connection
with a separate sludge digestion tank to determine the quantity and
quality of gas formed, the effect of heating the sludge, and the effect
of circulating the tank liquor in preventing scum formation.
2. Acknowledgments.-The tests herein described were made as a
part of the work of the Engineering Experiment Station of the Univer-
ILLINOIS ENGINEERING EXPERIMENT STATION
FIG. 1. GENERAL VIEW OF EXPERIMENTAL SEWAGE TESTING PLANT
sity of Illinois of which DEAN M. S. KETCHUM is the director, and of
the Department of Civil Engineering of which PROF. W. C. HUNT-
INGTON is the head. Most of the work was done by members of the
staff of the Engineering Experiment Station, but some of the expenses
were paid from funds provided by the Chemical Foundation.
Mr. C. V. ERICKSON, Graduate Research Assistant of the Engi-
neering Experiment Station, and Mr. L. V. CARPENTER, a graduate
student, performed the early tests on Imhoff tanks and sedimentation.
Acknowledgment is made to DR. A. M. BUSWELL, Chief of the
State Water Survey, for his splendid cooperation and advice in the
conduct of the tests. Thanks are due members of the State Water
Survey Staff who conducted some of the routine laboratory analyses.
3. History of Investigations.-The experimental plant, consisting
of the present pump building and a number of tanks in the open, was
operated jointly by the Department of Municipal and Sanitary
Engineering, the Illinois State Water Survey, and the Department of
Farm Mechanics from 1922 to 1925. The Department of Farm Me-
chanics completed its tests in the fall of 1925. In 1926 the Depart-
ment of Municipal and Sanitary Engineering was merged with the
Department of Civil Engineering, which has co6perated with the
State Water Survey to date. The tests on Imhoff tanks were begun
by C. V. Erickson in June, 1925, and L. V. Carpenter worked on the
sedimentation of fine particles throughout the fall of 1925 and spring
of 1926. The plant was operated and tests were conducted by C. V.
Erickson until June, 1927. From June, 1927, to June, 1929, the plant
operation and tests have been carried out by the junior author. The
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FIG. 2. DIVERSION OF SEWAGE FROM CHAMPAIGN OUTFALL TO TESTING PLANT
conduct of the tests from their inception has been under the super-
vision of the senior author.
The experimental plant has been continually enlarged to accom-
modate the apparatus added from time to time for new experiments.
A view of the plant as of May, 1928, is shown in Fig. 1.
4. Source of Sewage.-The sewage, upon which the investigations
were made, was obtained from the Champaign outfall sewer. This
sewer, at the point where sewage is taken from it to supply the experi-
mental plant, parallels the tracks of the Illinois Terminal Railroad
System. The sewage used at the experimental plant is carried through
private sewers for a distance of 400 feet to the pump sump of the
plant, as shown in Fig. 2.
5. General Characteristics of Sewage.-The sewage from the city of
Champaign may be described as an ordinary domestic sewage, prac-
tically free from industrial wastes and receiving large quantities of
ground water in the wet seasons.
As a rule the strongest sewage reaches the experimental plant from
10 a.m. to 1 p.m. and the weakest from 3 a.m. to 6 a.m. During the
latter period the sewage is largely ground water which has filtered
into the sewer. Large amounts of debris, rags, vegetable and animal
matter are present in the day sewage.
6. Quantity of Sewage.-Averages of the hourly variations in the
flow of the sewage in the Champaign outfall sewer were computed for
twelve selected weeks by the State Water Survey and are shown in
Table 1. These data are also plotted in Fig. 3.
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FIG. 3. CURVES SHOWING HOURLY VARIATIONS IN FLOW OF SEWAGE
In order to approximate these conditions the flow at the experi-
mental plant would necessarily have to be varied. The ideal arrange-
ment would be to vary the flow to the experimental apparatus at a
constant ratio to the flow in the Champaign sewer. Automatic de-
vices for proportioning the flow give considerable difficulty with raw
sewage, especially when handled in relatively small amounts. It was,
therefore, decided to adjust the flow manually three times a day.
The proportionate amount of flow and the time of day are shown in
Fig. 3. With this arrangement the experimental apparatus was fed
with a quantity and quality of sewage closely approximating that in
the city sewer.
7. Description of Apparatus.-The general layout of the sewage
testing plant is shown in Fig. 4. A very low dam built in the manhole
of the Champaign outfall sewer causes sewage to flow to the testing
plant through a 6-inch and a 4-inch vitrified clay sewer tile. The
sump into which these two sewers discharge was made as small as
possible, by means of partitions, so as to reduce to a minimum the
settling of the sewage at this point. A 2-inch centrifugal pump driven
by a 5-horsepower induction motor lifts the sewage to an influent
control box, from which raw sewage is fed to the experimental appa-
ratus at any desired rate of flow. The pumping equipment is set up
in duplicate so as to provide a stand-by unit for use in the event of
difficulty with either pump or motor.
The influent control box, which regulates the rate of flow of raw
sewage to the various tanks, is shown in Fig. 5. A float in this box
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FIG. 5. INFLUENT CONTROL DEVICE FOR TANKS
operates an automatic cut-out switch which causes all electrical power
in the pump building to be cut off in case the flow of sewage stops.
This installation prevents wear on the pumps (or freezing in cold
weather) which would result if run without pumping sewage.
The flow of sewage to the influent control box occasionally
stopped from one cause or another. Numerous devices were used for
the purpose of recording the exact time that this occurred during the
night when no one was on duty at the plant. The most successful
device used for this purpose was a Foxboro water level recorder which
operated in the influent control box, shown in Fig. 5.
The rate of flow of sewage through any one of the various tanks
could be measured by diverting its effluent to a large measuring tank
having a known increment of volume per foot of depth.
Only a general description of the experimental apparatus used in
the various tests is given in this section because of changes and addi-
tions made during the conduct of the tests. Details of these changes
will be given later in connection with each individual test.
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FIG. 8. DETAILS OF TANK C
Three wood-stave tanks designated as tanks A, B, and C were
built in the order given. The details of tank A showing the construc-
tion features, the arrangement of the influent and effluent weirs, and
the means for the withdrawing of sludge are shown in Fig. 6. Tank B
is similar to tank A except that provision was made for the sealing of
the gas vents for the collection of gas. A description of the apparatus
installed for the collection of gas is given on page 84 of Part VI. In
order to make possible the securing of sludge samples and the meas-
urement of the depth of the sludge without removing the gas hoods,
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an aperture, covered by a sliding panel, was made in the sloping wall
of the sedimentation basin, as shown in Fig. 7. Each gas vent of the
tank was provided with a 2-inch blow-off pipe under the gas hoods to
be used in case clogging of the gas collectors should cause the accumu-
lation of gas under sufficient pressure to damage the walls of the sedi-
mentation chamber. These blow-off valves also provide a convenient
means of determining whether scum is accumulating under the gas
hoods.
Tank C was built for the purpose of providing a tank which might
easily be altered for the conduct of tests on sedimentation. The efflu-
ent weir box was so constructed that changes in the depth of the
sedimentation basin could easily be made. The sedimentation basin
of tank C was made quite similar to that of tanks A and B so that
comparisons could be made of tests carried out in the different tanks.
The sludge digestion chamber was equipped with a squeegee to pro-
vide for the complete daily removal of sludge from the tank, in order
that data on sedimentation could be secured without the possibility
of the transfer of sludge particles from the sludge digestion compart-
ment to the sedimentation chamber. The details of tank C are shown
in Fig. 8.
The tank was provided with a separate influent control apparatus
for the purpose of obtaining a wider range of rates of flow than is
possible with the main influent control box.
Sludge drying beds as shown on the general layout of the plant in
Fig. 4 were provided to care for the sludge withdrawn from tanks A
and B.
After passing through the testing plant all sewage is returned to
the Champaign outfall sewer by means of an 8-inch vitrified sewer
tile, nothing being discharged into the Boneyard Stream.
II. COMPARISON OF RESULTS OF SLUDGE DIGESTION IN DEEP AND
SHALLOW IMHOFF TANKS
8. Object of Tests.-Tests were made for the purpose of comparing
the quantity and quality of sludge produced in a deep Imhoff tank
and in a shallow Imhoff tank with the view of determining the relative
economy and effectiveness of sludge digestion corresponding to differ-
ent depths. Two Imhoff tanks with digestion chambers of different
depths were used for these tests, the idea being to keep each tank
operating under the same conditions with the exception of depth.
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The arrangements of the tanks were as follows:
Depth of sedimentation basin:
Shallow tank (Tank A)-6 feet
Deep tank (Tank B)-6 feet
Average detention period:-
Shallow tank (Tank A)-1.78 hours
Deep tank (Tank B)-1.86 hours
Depth from the flow-line to the bottom of sludge digestion
chamber:
Shallow tank (Tank A)-14 feet 10 inches
Deep tank (Tank B)-25 feet 1 inch
Condition of gas vents:
Shallow tank (Tank A)-open to the atmosphere
Deep tank (Tank B)-trapped for the collection of gas
It was assumed that the difference in the condition of the gas vents
in the two tanks did not affect the results of the tests appreciably.
9. Operation.-At the beginning of the test 3.25 cubic feet of well-
digested sludge, drawn from the digestion chamber of a deep Imhoff
tank, were placed in each of the two tanks to be tested. The tanks
were then filled to their respective flow-lines with fresh sewage. The
flow through the tanks was controlled as described on page 15, and
changes in the amount of sewage flowing through each tank were
made according to the schedule given on page 15.
A. Description of Tests
10. The Tests.-The tests to determine the quality and the quan-
tity of the sludge were of two classes, as follows:
(1) Physical Tests, which included:
(a) A weekly determination of the draining qualities of each
sludge. This was termed the "drainability test."
(b) The drying of samples of each sludge on outdoor drying
beds, the sludge being exposed to the weather; and on a
set of indoor beds, the sludge being protected from the
weather and so arranged as to allow variation of the doses
of moisture.
(c) The measurement of the volume of sludge in each tank at
frequent intervals.
(d) Semi-weekly observations of the temperature in the sludge
digestion chamber of each tank.
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FIG. 9. SKETCH OF THE SLUDGE DRAINABILITY DEVICE
(2) Laboratory Tests, which included:
(a) A weekly determination of the per cent moisture content
of each sludge.
(b) A weekly determination of the hydrogen-ion concentration
of each sludge.
(c) A weekly determination of the bio-chemical oxygen de-
mand of each sludge.
B. Drainability of Sludges
11. Description of Apparatus and Psrocedure.-The apparatus in
Fig. 9 was used to determine the rate of draining of the two sludges.
A volume of 615 c.c. of standard Ottawa sand was heated to drive off
all moisture and then cooled. The sand was then placed in the sieve,
which had 28 meshes to the inch. This volume of sand made a layer
about three-quarters of an inch deep. A one liter sample of the sludge
to be tested was placed on the sand, and the amount of liquor drained
off was noted at frequent intervals, until the sample ceased to drain.
The sieve was covered to lessen any error due to evaporation during
draining.
The hydrogen-ion concentration, bio-chemical oxygen demand,
and per cent moisture content of the sludge were determined by
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TABLE 2
TYPICAL SLUDGE DRAINABILITY TEST DATA
1. Sludge Data
Determinations on Fresh Samples Determinations on
Drained Samples
Sample Per Cent Moisture pH B. 0. D. Per Cent Moisture
Shallow Tank Sludge ........ 88.97 7.0 2040 80.93
Deep Tank Sludge.......... 89.02 6.8 1620 81.08
2. Drainability Data
Amount of Liquor Drained Off in c.c.
Time Since Start of Test
Shallow Tank Sludge Deep Tank Sludge
3 M inutes............................ 0 Started to drain
4 M inutes............................ Started to drain
5 M inutes............................ 4 16
10 M inutes........................... 15 40
15 M inutes........................... 27 63
20 M inutes........................... 33 74
30 M inutes........................... 49 97
45 M inutes........................... 71 127
1 H our .............................. 86 147
1 i H ours ............................ 114 174
2 H ours.............................. 137 194
3 H ours.............................. 177 219
414 Hours ............................ 217 237
5)4 Hours ............................ 246 251
6% Hours ............................ 274 263
71 H ours............................ 285 269
11 Hours............................. 309 283
21 Hours ............................. 330 295
25 Hours ............................. 333 295
"Standard Methods" of the American Public Health Association,
1925. The per cent moisture content of the sample of sludge on the
sieve was determined after draining had ceased. The amount of total
solids in the drained liquor was determined for use in the computation
of the quantity of moisture remaining in the sample at any time dur-
ing the test. This determination was later discontinued, since it was
found that the content of solids in the drained liquid was negligible in
making the computations.
12. Results of Drainability Tests.-The results of a typical drain-
ability test are given in Table 2.
From the results given in Table 2 a comparison of the two sludges
was made as follows:
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FIG. 10. DRAINABILITY CURVES FOR DEEP AND SHALLOW IMHOFF-TANK SLUDGES
SHOWING THE RELATION BETWEEN PER CENT OF DRAINING LIQUOR THAT
HAS DRAINED FROM SLUDGE AND TIME ELAPSED SINCE START OF TEST
Tlle 12 /llours S11ce 5/ya/ of' Tes
FIG. 11. DRAINABILITY CURVES FOR DEEP AND SHALLOW IMHOFF-TANK SLUDGES
SHOWING PER CENT MOISTURE CONTENT OF SAMPLES
AT VARIOUS TIMES DURING TEST
(a) By curves showing the relation between the per cent of the
total amount of liquor which drained from the sludge during the
entire test and the time interval since the beginning of the test.
(Fig. 10).
(b) By curves showing the per cent moisture content of the sam-
ples at various times during the test. (Fig. 11).
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FIG. 12. DRAINABILITY CURVES FOR DEEP AND SHALLOW IMHOFF-TANK SLUDGES
SHOWING PER CENT OF ORIGINAL MOISTURE CONTENT THAT REMAINS
IN SAMPLES AT VARIOUS TIMES DURING TEST
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FIG. 13. COMPARISON OF QUALITY OF SLUDGES FROM DEEP IMHOFF TANK AND
SHALLOW IMHOFF TANK BY AN AVERAGE OF DRAINABILITY TESTS
(c) By curves showing the per cent of the original moisture that
remained in the sample at various times during the test. (Fig. 12).
As a result of some fifteen representative tests of the draining of
the sludges from the two tanks, Table 3 and corresponding curves
have been prepared. These curves give the average for all of the
fifteen representative tests. (Fig. 13).
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TABLE 3
AVERAGE VALUES FOR FIFTEEN REPRESENTATIVE DRAINABILITY TESTS
Per Cent Moisture Remaining
Time Since Start of Test
Shallow Tank Sludge Deep Tank Sludge
2 M inutes.............................. 96.65 95.05
5 M inutes.............................. 95.93 93.27
10 M inutes............................. 94.71 91.21
15 M inutes............................. 93.93 89.54
20 M inutes............................. 93.19 88.21
30 M inutes............................. 92.58 86.26
45 M inutes............................. 90.49 83.92
1 H our................................ 89.22 82.22
1% Hours.............................. 87.06 80.13
2 H ours................................ 85.34 78.74
3 H ours................................ 82.50 76.85
5 H ours................................ 78.74 73.54
10 H ours............................... 73.50 69.69
20 H ours............................... 69.83 66.81
13. Conclusions.-The drainability tests indicate that the sludge
from the deeper tank is of better quality than the sludge from the
shallower tank, since the steeper slopes of the curves in Figs. 11, 12,
and 13, for the deeper tank, illustrate the fact that this sludge drains
more rapidly.
C. Rate of Drying of Sludges
14. Outdoor Beds.-Samples of sludge from the deep Imhoff tank
and from the shallow Imhoff tank were allowed to dry on sand beds
in open air, exposed to the weather, for the purpose of comparing the
drying of the two sludges on open beds under conditions occurring
in practice.
The sand beds used in these tests consisted of a rectangular box
which was divided into two sections 3 ft. 2 in. square. Each section
contained a 10-in. layer of building sand, supported on a 6-in. layer
of gravel, averaging about one-half of an inch in size. The gravel
rested directly upon a fill of cinders, providing good drainage for the
bed.
About one quarter of a cubic yard of each sludge was placed on
the respective sections of the bed, making a sludge layer of about
812 in. in thickness. Daily observations were made on the color,
odor, general appearance, size of cracks, and the depth of sludge on
each bed. A per cent moisture determination was made on the two
sludges at the time they were placed on the beds, and again after
about a month of drying. Conditions of the weather and wind were
taken into account in the comparison of the two sludges. Observa-
tions were made on three sets of samples taken from the two tanks
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and placed on the beds at different seasons of the year. A summary of
the observations made on one of these tests is given in Table 4. The
other tests gave similar results.
15. Conclusions on Outdoor Drying.-From the observations made
on the drying of the sludges on outdoor beds it is concluded that the
deeper-tank sludge is of superior quality, for the following reasons:
(1) The deeper-tank sludge was darker in color, ranging from
black at the beginning of drying to a slight gray at the end of about a
month on the bed, while the shallower-tank sludge had a color rang-
ing from a dark gray to a very light gray with a slight reddish-brown
tinge.
(2) The deeper-tank sludge had a tarry odor which was not offen-
sive at any time during the test. The sludge from the shallower tank
had a damp earthy odor which remained offensive for some con-
siderable time.
(3) The deeper-tank sludge appeared to dry more quickly than
the shallower-tank sludge, and water disappeared from its surface
almost immediately after a rain, while the water remained in pools
for some time on the shallower-tank sludge.
(4) The shallower-tank sludge remained soggy under the layer of
crust which appeared after about the eighth day, while the deeper-
tank sludge remained quite dry even following a rain.
(5) Cracks formed on the surface of the deeper-tank sludge sooner,
and were smaller and more numerous than those appearing on the
shallower-tank sludge. The cracks in the shallower-tank sludge were
very large, one crack generally extending across the whole layer.
(6) The thickness of the deeper-tank sludge decreased at a much
greater rate than the thickness of the shallower-tank sludge. The
final thickness of the deeper-tank sludge was much less than that of
the shallower-tank sludge.
(7) Although the per cent moisture content of the deeper-tank
sludge was the greater at the beginning of the drying, it was slightly
less than that of the shallower-tank sludge at the end of a period of
one month.
An observation made on samples of sludge from the deep Imhoff
tank and from the shallow Imhoff tank showed the two samples to
contain psychoda larvae, and it was found that the deeper-tank
sludge contained a greater number of these larvae than did the shal-
lower-tank sludge.
16. Indoor Beds.-A study was made on the drying of sludges on
indoor sand beds, protected from the weather, and dosed with known
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quantities of water. Sludges from the deep Imhoff tank and from the
shallow Imhoff tank were placed on similar drying beds. Each of
these beds was divided into six sections. Each of these six sections of
each bed was subjected to controlled doses of water every other day.
The general procedure followed in the conduct of this test is given in
Chapter III, page 36.
Since samples of sludge from the deep Imhoff tank and from the
shallow Imhoff tank were used in some of these tests, a comparison of
the two sludges may be made from the observations obtained.
17. Conclusions on Drying on Indoor Beds.-Test No. 1, the re-
sults of which are reported on pp. 38-40, shows the superiority of the
deeper-tank sludge over the shallower-tank sludge with respect to the
final moisture content and the per cent reduction in the volume of the
sludges. From a summary of the observations made during a typical
test, as shown in Table 8, the deeper-tank sludge has proven to be of
superior quality, since it is darker in color and does not produce an
offensive odor at any time during the test, while the shallower-tank
sludge was quite offensive at all times. The deeper-tank sludge ap-
peared to be quite dry while the shallower-tank sludge was quite slimy
in appearance on the beds which were dosed with water. The cracks
which formed on the surface of the deeper-tank sludge were smaller
and more numerous than those which formed on the surface of the
shallower-tank sludge. The deeper-tank sludge settled more quickly
than the shallower-tank sludge, and the reduction in volume of the
deeper-tank sludge was greater than that of the shallower-tank
sludge.
D. Bio-chemical Oxygen Demand, Hydrogen-ion Concentration, and Per Cent
Moisture Content of Sludges
18. Method of Taking Samples.-Samples of sludge were taken
from the deep Imhoff tank and from the shallow Imhoff tank weekly
and analyzed for bio-chemical oxygen demand, hydrogen-ion con-
centration, and per cent moisture content for the purpose of compar-
ing the sludge from the deeper tank with that from the shallower tank
in regard to these qualities.
The apparatus for the taking of sludge samples consisted of a
wide-mouthed glass bottle of one liter capacity. The bottle was
wedged within a four-inch diameter pipe nipple. A wrought-iron cap
screwed on the lower end of the nipple added sufficient weight to sink
the bottle, and also served as a protection. The mouth of the bottle
was closed by a rubber stopper held in place by a spring. The device
is illustrated in Fig. 14.
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FIG. 14. SLUDGE SAMPLING DEVICE
In sampling, the bottle is lowered to the desired depth and the
stopper is removed, by means of a chain, until the bottle is filled. The
stopper is then allowed to spring back into position. The return of
the stopper into the bottle makes it possible to secure samples of
sludge without the danger of introducing additional moisture into the
sample as it is being drawn up.
Another device used for the taking of samples and for determining
the sludge level consisted of an ordinary pitcher pump, on the suction
side of which was attached a length of hose. The hose could be
lowered to any desired depth and a sample taken by means of the
pump. This device was especially useful in getting the sludge level
due to the fact that the sludge was not disturbed when care was exer-
cised in pumping and in lowering the hose.
19. Results of Analyses.-The bio-chemical oxygen demand, hy-
drogen-ion concentration, and per cent moisture determinations for a
ten-month period are shown in Table 5.
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TABLE 5
RESULTS OF CHEMICAL ANALYSES ON SAMPLES OF BOTTOM SLUDGE
Date
June 22, 1926 ..............
June 29, 1926 ..............
July 7, 1926...............
July 12, 1926..............
July 20, 1926..............
July 26, 1926..............
August 2, 1926.............
August 10, 1926 ............
August 19, 1926............
August 23, 1926............
August 31, 1926............
September 7, 1926. .........
September 7, 1926.......
September 13, 1926 .........
September 20, 1926.........
September 30, 1926.........
October 6, 1926............
October 13, 1926...........
October 20, 1926...........
October 26, 1926...........
November 3, 1926 ..........
November 12, 1926 .........
November 17, 1926 ........
November 24, 1926.........
February 24, 1927 ..........
M arch 3, 1927.............
M arch 10, 1927............
March 17, 1927 ... ........
M arch 18, 1927............
March 24, 1927 ............
March 31, 1927 ............
April 7, 1927...............
April 15, 1927..............
Average...............
Per Cent
Moisture
Shallower
Tank
Sludge
91.63
91.30
91.00
92.44
92.63
93.39
92.80
93.16
91.22
90.76
87.96
88.50
89.20
89.80
90.00
91.93
91.56
91.59
93.60
95.80
94.32
92.19
91.90
92.09
89.27
89.40
88.97
89.04
90.40
91.13
Deeper
Tank
Sludge
93.90
92.95
92.20
92.44
91.97
92.68
92.40
93.02
91.97
90.48
90.91
90.20
90.50
89.20
90.00
88.97
89.67
90.83
93.24
90.52
91.51
90.90
92.31
91.19
90.18
90.00
89.02
90.12
89.76
91.14
pH
Shallowei
Tank
• Sludge
6.2
6.2
6.0
6.2
6.6
7.2
7.0
6.6
6.8
6.8
7.1
7.0
7.6
7.4
7.7
7.2
6.8
6.4
6.4
6.6
7.0
7.0
7.0
6.82
Deeper
Tank
Sludge
6.4
6.4
6.0
6.6
6.7
6.6
6.8
6.6
7.4
6.8
7.0
7.0
7.2
6.8
7.8
6.6
7.0
6.8
7.0
7.0
6.8
7.0
7.0
6.84
Bio-Chemical
Oxygen
Demand-P.P.M.
Shallower
Tank
Sludge
2476
2724
2327
3187
1865
2020
2000
1545
1380
1630
2100
1704
1315
1216
2200
3250
2900
2500
2180
2040
2110
2510
2154
Deeper
Tank
Sludge
2656
3360
2111
3088
1995
2320
1600
1540
800
1270
1280
1890
1384
1154
1250
1120
1400
1400
1430
1650
2010
2060
1762
20. Conclusions.-
(a) Bio-chemical Oxygen Demand:-The deeper-tank sludge is
of superior quality since the average value for its bio-chemical demand
determinations is less than that of the shallower-tank sludge. In a
few of the individual determinations the bio-chemical oxygen demand
of the deeper-tank sludge is greater than that of the shallower-tank
sludge, but in each case the difference is slight in comparison with the
general range of the two values.
(b) Hydrogen-ion Concentration:-The average values of the
hydrogen-ion concentration for the two sludges and also the values
for the individual determinations do not vary greatly. This is to be
expected because the large volume of fresh sewage passing through the
two tanks acts continuously as a buffering solution for the sludges in
the two tanks. Since the same sewage was distributed to the two
ILLINOIS ENGINEERING EXPERIMENT STATION
tanks the hydrogen-ion concentration of the tanks should be about
the same.
(c) Per Cent Moisture Content:-The average values for the per
cent moisture content of the two sludges are almost identical. This
is significant in view of the other distinct differences found in the
chemical and physical properties of the two sludges. The per cent
moisture content of a sludge has been used as an index of its degree
of digestion. As a result of the tests herein described, it would be
concluded that this method of comparing the ripeness of sludges is
not always applicable, since other tests have shown the two sludges to
differ in many respects and still to have almost identical per cent
moisture contents.
E. Quantities of Sludge Produced
21. Method of Determining Sludge Level.-The sludge levels of the
deep Imhoff tank and of the shallow Imhoff tank were determined
weekly for the purpose of finding the volume of sludge produced.
Several different devices were used to locate the sludge levels.
The device first used consisted of a thin, saucer-shaped, sheet-iron disc
six inches in diameter. The disc was lowered slowly in a horizontal
position,. by means of a thin copper wire, until the slackening of the
wire indicated that the disc had encountered the sludge level. Con-
sistent results were not always obtained with this device since the
disc sometimes passed through an appreciable layer of thin sludge
before coming to rest.
This apparatus was discarded in favor of the bottle device des-
cribed on page 29. Successive lowerings of the bottle were made until
the presence of sludge in the bottle indicated that the sfudge level had
been reached. This method was satisfactory except for the time re-
quired to locate the level without disturbing the sludge.
The pitcher pump and hose described on page 30 was used success-
fully by lowering the hose slowly into the tank while the pump was
being operated. Discharge of sludge from the pump indicated that
the sludge level had been reached.
This last method was found to be the best for obtaining consistent
results in determining the sludge level in the tank and in getting a
representative sample from any given depth. It was found by re-
peated tests that the sludge level could be obtained within an inch,
with this device, which is as close as could be expected in view of the
fact that there is not a distinct division between the sludge and the
liquor in the tank.
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22. Quantities of Sludge Produced.-A record of the sludge pro-
duced in the deep Imhoff tank and in the shallow Imhoff tank is
given in Table 6.
23. Conclusions on Quantity of Sludge Produced.-From Table 6
it is shown that a greater volume of sludge was accumulating in the
shallower tank than in the deeper tank. The observations for the
first period before any sludge was removed from the shallower tank
show this fact. After this period it became necessary to remove a
considerable amount of sludge from the shallower tank to keep the
level of the sludge below the slot. For this first period there was
probably better digestion in the deeper tank, since the two tanks had
identical flowing-through chambers and practically identical flows.
Due to the later unequal removal of sludge from the two tanks, it
should be expected that the deeper-tank sludge would be more thor-
oughly digested than that in the shallower tank because of its greater
age.
F. Temperature of Sludge Compartment
24. Method of Determination.-The temperatures of the sludge
compartment of the deep Imhoff tank and of the shallow Imhoff tank
were determined semi-weekly. To accomplish this a bottle of about
two liters capacity was filled with clear water and permanently sus-
pended in the sludge in the tank. When it was desired to observe the
temperature of the sludge, the bottle was removed from the tank and
a thermometer was inserted in it. The temperature of the sludge was
assumed to be the same as that of the water in the bottle, because the
change of temperature of the bottle was inappreciable during the
brief time required for the observation.
25. Results.-It was found that the temperature of the sludge in
the deeper tank did not vary so widely as that in the shallower tank.
Comparison of these temperatures with the temperatures of the in-
coming sewage showed that the shallower-tank temperatures more
nearly followed the temperature of the incoming sewage.
26. Conclusions.-From a study of the temperature ranges in the
two tanks it is concluded that the greater volume of liquor in the
deeper tank aided in maintaining a constant temperature in the
sludge. With the temperature of the liquor immediately above the
sludge in the deeper tank remaining practically constant also, there
is less chance for an interchange of sludge liquor with raw sewage than
in the case of the shallower tank, where the liquor volume is compar-
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atively small, and therefore easily subjected to temperature varia-
tions.
G. General Conclusions
27. Conclusions.-The tests made on the comparison of the quan-
tity and quality of the sludge produced in a deep Imhoff tank and in
a shallow Imhoff tank, respectively, show the superiority of the deeper
tank. The differences in the quality of the sludges produced in the
two tanks is very well demonstrated in the results obtained from the
physical and chemical tests, which are as follows:
(a) Drainability tests show that the sludge from the deeper tank
drains more rapidly than the sludge from the shallower tank.
(b) Drying tests, conducted on outdoor beds, show the deeper-
tank sludge to be of superior quality from the standpoint of:
(1) The greater per cent reduction of its volume while drying.
(2) The absence of an offensive odor (a disagreeable odor per-
sisted in the shallower-tank sludge).
(3) The more rapid rate of drying of the deeper-tank sludge.
(4) The ease with which the deeper-tank sludge shed water
during a rain (in contrast to the soggy condition of the shallower-
tank sludge).
(5) The formation of small and numerous cracks on the sur-
face of the deeper-tank sludge as compared with the few large cracks
formed on the shallower-tank sludge.
(c) Drying tests conducted on indoor beds show the superiority
of the deeper-tank sludge in withstanding large doses of moisture
during drying. Observations on the color, odor, cracking, and rate of
drying gave results which were similar to those obtained in the out-
door drying of the two sludges.
(d) The bio-chemical oxygen demand determinations show that
the deeper-tank sludge digested more rapidly than the sludge from
the shallower tank.
(e) The determinations of the volume of sludge in each tank show
that a greater volume was accumulating in the shallower tank than
in the deeper-tank. Since the volume and quality of the sewage pass-
ing through each tank were the same it was concluded that the di-
gestion of the sludge in the deeper tank was taking place at a faster
rate than that in the shallower tank.
The necessity for the removal of undigested sludge from the
shallower tank, due to the inadequate size of the sludge compartment,
is one of the greatest disadvantages of the shallower tank.
(f) The greater volume of liquor above the sludge in the digestion
chamber of the deeper tank is helpful in keeping the temperature of
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the sludge more nearly constant than that of the shallower-tank
sludge. The proportional interchange of liquor is also lessened, caus-
ing more of the seeded liquor to remain in contact with the sludge in
the deeper tank than in the shallower tank. There is a greater volume
of liquor in the deeper tank to act as a buffering solution for the sludge
than in the case of the shallower tank.
III. EFFECT OF ADDITION OF MOISTURE TO SLUDGE IYPON
RATE OF DRYING
28. Object of Tests.-The object of this series of investigations was
to determine the effectiveness of the covering of sludge drying beds
in hastening the drying of sludges.
29. Plan of Tests.-Six separate tests on two different sludges each
were conducted during the various seasons of the year. During these
tests it is conceivable that all of the various atmospheric conditions
were encountered, although the beds were actually protected from
the rain. It was planned to test as many different sludges as possible
to eliminate any possibility of obtaining results which might not be
representative. The sludges tested included: sludges from the deep
Imhoff tank and the shallow Imhoff tank described in previous tests;
sludge from a separate sludge digestion tank in operation at the ex-
perimental plant; Imhoff tank sludges from the Champaign-Urbana,
Illinois, plant, the Decatur, Illinois, plant and the Bloomington-
Normal, Illinois, plant.
30. The Tests.-Six separate beds were used for each sludge tested,
each bed being 12 inches square, and containing a 4-inch layer of sand
supported on a 4-inch layer of gravel, which in turn rested directly on
the ground. The sand was an ordinary building sand, effective size
about 0.4 mm. and uniformity coefficient of about 2.5. Each test
extended over a period of three weeks and was conducted as follows:
Three and one-eighth gallons of sludge were placed on each bed,
forming a layer about 5 inches thick. A determination of the per cent
moisture content of each sludge was made at the time it was placed
on the beds. At the end of the test, determinations of the per cent
moisture content of the sludge on each individual bed were made.
Drainability tests were made on the fresh sludge to show the draining
qualities of the sludges.
Every alternate day the beds were dosed with the quantities of
water shown in Table 7.
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TABLE 7
AMOUNTS OF WATER ADDED EVERY ALTERNATE DAY TO RESPECTIVE
SLUDGE DRYING BEDS
Bed Number for Each Sludge
1 . . . . .......................... .... .
2 . . . . ...............................
3.................. .................
4 . . . . ....... ........................
5 . . . . ....... ........................
6 ... ................................
Quantity of Water Placed on Beds
Volume Liters
2.4
1.2
0.6
0.3
0.15
None
Equivalent Depth of
Water, in.
1
}i6
0
Daily observations of the color, odor, general appearance, size of
cracks, and the depth of sludge on each bed were made during the test.
31. Results of Tests.-The first two series of tests were conducted
with samples of sludge from the deep Imhoff tank and from the shal-
low Imhoff tank described in Chapter II. The two sludges in Test
No. 1 were placed on the beds in the early spring, while those in
Test No. 2 were placed in the late spring. The draining qualities of
the sludges as shown by sludge drainability tests described on page 21
are given in Fig. 15. A summary of the daily observations on the
sludges in the first test is given in Table 8. All of the other tests gave
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FIG. 15. COMPARISON OF DRAINING QUALITIES OF SLUDGES USED IN
DRYING TESTS OF CHAPTER III
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TABLE 8 (Concluded)
SUMMARY OF OBSERVATIONS MADE ON DRYING OF SLUDGES UNDER
VARYING AMOUNTS OF MOISTURE DOSAGE
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similar results. A comparison of the sludges on the basis of their
moisture content at the end of the test for the various amounts of
moisture added is given in Table 9.
The third series of tests was conducted on a very well digested
sludge from the deep Imhoff tank, and on a moderately well digested
sludge from the secondary sludge digestion tank at the experimental
plant. These sludges were placed on the beds in the early fall. Their
draining qualities are shown in Fig. 15. A comparison of the sludges
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TABLE 9
RESULTS OF MOISTURE TESTS ON SLUDGES FROM DEEP IMHOFF TANK AND
SHALLOW IMHOFF TANK
Per Cent Moisture of Per Cent Moisture at Per Cent Reduction
Fresh Sample End of Test in Volume
Bed No. Shallow Deep Shallow Deep Shallow Deep
Tank Tank Tank Tank Tank Tank
Sludge Sludge Sludge Sludge Sludge Sludge
Test No. 1
1....................... 89.27 90.18 78.9 73.6 46.0 71.0
2....................... 89.27 90.18 80.0 75.6 42.0 67.0
3....................... 89.27 90.18 80.2 75.1 42.0 67.0
4....................... 89.27 90.18 79.9 74.8 42.0 67.0
5....................... 89.27 90.18 79.3 72.9 42.0 67.0
6....................... 89.27 90.18 75.3 72.0 54.0 71.0
Test No. 2
1....................... 90.40 89.76 68.6 81.3 55.0 45.0
2....................... 90.40 89.76 69.4 82.0 47.0 40.0
3....................... 90.40 89.76 78.3 81.3 45.0 40.0
4....................... 90.40 89.76 78.1 80.8 45.0 45.0
5....................... 90.40 89.76 75.5 80.7 47.0 42.0
6....................... 90.40 89.76 69.2 74.2 55.0 50.0
These results are also represented graphically in Fig. 16.
TABLE 10
RESULTS OF MOISTURE TESTS ON SLUDGES FROM DEEP IMHOFF TANK AND
FROM SEPARATE SLUDGE DIGESTION TANK
Per Cent Moisture of Per Cent Moisture at Per Cent Reduction
Fresh Sample End of Test in Volume
Bed No.
Imhoff Digestion Imhoff Digestion Imhoff Digestion
Tank Tank Tank Tank Tank Tank
Sludge Sludge Sludge Sludge Sludge Sludge
Test No. 3
1 ....................... 85.13 91.62 69.2 66.9 52.6 84.3
2....................... 85.13 91.62 68.3 62.7 42.2 79.0
3....................... 85.13 91.62 69.0 63.6 42.2 73.7
4....................... 85.13 91.62 68.6 63.9 39.5 71.0
5....................... 85.13 91.62 68.9 64.3 36.9 68.4
6....................... 85.13 91.62 73.4 59.0 42.2 68.4
These results are also represented graphically in Fig. 16.
on the basis of their moisture content at the end of the test for the
various amounts of moisture added is shown in Table 10.
The fourth series of tests was conducted on sludges from two dif-
ferent Imhoff tanks of the Champaign-Urbana, Illinois, plant. The
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TABLE 11
RESULTS OF MOISTURE TESTS ON SLUDGES FROM IMHOFF TANKS OF
CHAMPAIGN-URBANA PLANT
Per Cent Moisture of Per Cent Moisture at Per Cent Reduction
Fresh Sample End of Test in Volume
Bed No.
Tank 1 Tank 4 Tank 1 Tank 4 Tank 1 Tank 4
Sludge Sludge Sludge Sludge Sludge Sludge
Test No. 4
1....................... 92.55 92.56 74.7 74.6 63.1 57.9
2....................... 92.55 92.56 75.1 76.4 63.1 52.6
3....................... 92.55 92.56 74.2 75.2 57.9 57.9
4....................... 92.55 92.56 72.7 78.8 52.6 52.6
5....................... 92.55 92.56 73.9 75.2 57.9 47.4
6....................... 92.55 92.56 66.3 70.9 57.9 57.9
These results are also represented graphically in Fig. 16.
sludge from Tank No. 1 contained most of the grit from the sewage
while the No. 4 tank was mostly from organic material. An unusual
procedure was followed in the drawing of the sludges from the tanks,
in that, for a period of about one hour before the drawing of the
sludge, water from the city mains was forced into the bottom of the
tanks causing a thorough mixing of the sludge in the tanks. This
would cause the well digested sludge to be mixed with fresh sludge in
the tank. The results of the drying tests bring out this fact quite
clearly. The draining qualities of these sludges are shown in Fig. 15.
The samples were placed on the beds in the early winter.
A comparison of the sludges on a basis of their moisture content
at the end of the test for the various amounts of moisture added is
given in Table 11.
The fifth and sixth series of tests were conducted in the late winter
and the very early spring. In the fifth series of tests sludges from the
Bloomington-Normal plant were used. The sludge from Tank No. 3
was considered by the operator to be the best digested sludge of the
plant, while that from Tank No. 5 was quite poor, due to the fact that
the material which is settled in the secondary tanks from the effluent
of the sprinkling filters is digested in this tank together with the reg-
ular sewage sludge of the tank. About 70 per cent of the total sludge
from this tank was from the secondary settling tank. The draining
qualities of these two sludges are given in Fig. 15. A comparison of
the sludges on the basis of their moisture content at the end of the
test for the various amounts of moisture added is shown in Table 12.
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TABLE 12
RESULTS OF MOISTURE TESTS ON SLUDGES FROM IMHOFF TANKS OF
BLOOMINGTON-NORMAL PLANT
Per Cent Moisture of Per Cent Moisture at Per Cent Reduction
Fresh Sample End of Test in Volume
Bed No.
Tank 3 Tank 5 Tank 3 Tank 5 Tank 3 Tank 5
Sludge Sludge Sludge Sludge Sludge Sludge
Test No. 5
1 ... .... ............. 82.19 85.35 53.2 70.8 58.0 58.02...................... 82.19 85.35 58.5 60.0 52.7 58.0
3... .................. . 82.19 85.35 60.2 59.7 47.4 58.04... .................... 82.19 85.35 59.1 60.1 47.4 58.0
5..... .................. 82.19 85.35 53.4 60.6 47.4 52.76........ ........... .... 82.19 85.35 51.6 57.2 47.4 58.0
These results are also represented graphically in Fig. 16.
TABLE 13
RESULTS OF MOISTURE TESTS ON SLUDGES FROM IMHOFF TANKS OF
DECATUR PLANT
Per Cent Moisture of Per Cent Moisture at Per Cent Reduction
Fresh Sample End of Test in Volume
Bed No.
Tank 1 Tank 3 Tank 1 Tank 3 Tank 1 Tank 3
Sludge Sludge Sludge Sludge Sludge Sludge
Test No. 6
1.. ............... ... 92.21 90.54 72.9 67.0 71.4 63.2
2...................... 92.21 90.54 60.9 68.9 73.7 63.2
3..... .................. 92.21 90.54 68.0 68.3 68.5 63.2
4....................... 92.21 90.54 63.8 68.0 68.5 63.2
5...................... 92.21 90.54 69.1 68.3 68.5 60.5
6..... .................. 92.21 90.54 71.4 66.9 68.5 58.0
These results are also represented graphically in Fig. 16.
In the sixth series of tests, sludges from two different Imhoff tanks
of the Decatur, Illinois, plant were used. These sludges were of the
same general characteristics, except that the No. 1 tank sample prob-
ably contained more of the gritty matter since it received the first
flow of the fresh sewage. It was also necessary to resort to the use of
a water jet to stir up the sludge slightly in this tank in order to get the
sludge to flow from the tank. The sludge from Tank No. 3 flowed
easily as soon as the valve was opened. The draining qualities of
these two sludges are shown in Fig. 15. The sludge obtained at De-
catur is quite different in characteristics from an ordinary domestic
sewage sludge. This is due to the presence of a large amount of starch
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wastes from the corn products plant of the city. The temperature
of the incoming sewage is very high, the minimum temperature in
winter being about 20 deg. C. and the maximum in summer being
about 40 deg. C. The sewage mixture as received at the treatment
plant is about five times as strong as a normal city sewage. A com-
parison of the sludges on a basis of their moisture content at the end
of the test for the various amounts of moisture added is given in
Table 13.
In the third and fourth series of tests the drying beds were located
adjacent to an aeration tank of the diffused air type, and it is possible
that the results of the tests on these four sludges were influenced by
this fact. As a result of a large number of relative humidity deter-
minations it was found that the humidity at this location was on the
average ten per cent greater than at the location of the beds for all of
the other tests. The relative humidity at the latter location was
found to be normal.
32. Physical Observations.-From an observation of the sludges on
the beds it was noticed that a dry surface crust was formed on the
sludge which was not moistened, while the surface of the moistened
sludges remained soft. This dry hard surface probably hindered the
further drying of the sludge below the surface.
It was also noted that more numerous cracks were formed in the
moistened sludges and that these formed very quickly upon the addi-
tion of the first dose of water. The sludge cake in the case of the
moistened sludges did not pull away from the sides of the boxes as
readily as did the unmoistened sludges. These observations would
show that some of the cohesiveness of the particles had been reduced
by the action of the water. Illustrations of this condition are shown
in Fig. 17.
In a few cases, especially in the moistening of the heavily dosed
beds, it was found that the sludge rose to the top of the water when
the bed was dosed, and floated until the excess water had drained
away. When the sludge finally subsided on the bed it presented a
very wrinkled and broken surface. This apparently aided in its dry-
ing by changing the surface in contact with the air.
33. Discussion of Results.-The results for the per cent moisture
of the sludges at the end of Tests 1 and 2 for the various amounts of
moisture added given in Table 9 and Fig. 16 show the sludges on
the beds receiving the greatest dosage of water to have a final
moisture content which is lower than that in the sludges on several of
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(a) (b)
FIG. 17. DIFFERENCES IN CRACKING AND PULLING FROM SIDES OF BED
OF MOISTENED AND UNMOISTENED SLUDGES
(a) Showing the Difference in the Cracking of the Sludge. Moistened sludges in the beds on
the left. Unmoistened sludges in the beds on the right.
(b) Showing the Difference in the Pulling from the Sides of the Beds. (1) Sludge receiving a
dose of 1A in. of water. (2) Sludge receiving a dose of 1/16 in. of water. (3) Undosed sludge.
the beds which were moistened to a lesser degree. The results for
the shallow Imhoff tank sludge in Test No. 2 show this fact very
strikingly. In this case the final moisture content of the heavily
dosed sludge was even less than that of the undosed sample.
The results for the very well digested Imhoff tank sludge in Test
No. 3, given in Table 10 and Fig. 16, show a very much lower final
moisture content for the dosed sludges than for the undosed sludge.
The moisture content of the dosed sludges did not vary more than one
per cent. The moderately well digested sludge from the secondary
sludge digestion tank in this same test shows exactly opposite results.
This condition is brought out more clearly by the results of the tests
on poorly digested sludges.
The results given in Table 11 and Fig. 16 for the sludges in Test
No. 4, which consisted of a mixture of well digested and poorly di-
gested sludges, as described on page 40, show a final moisture content
of the sludges which is in accordance with the degree of moistening.
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These results are again borne out by the final per cent moisture
figures of the poorly digested sludge from Tank No. 5 of the Bloom-
ington-Normal plant, the results of which are shown in Table 12 and
Fig. 16. The well digested sludge from Tank No. 1 of the Blooming-
ton plant showed much the same type of results as were obtained in
Tests 1 and 2.
The results given in Table 13 and Fig. 16 for the Decatur sludge
are widely different. The sludge from Tank No. 3, which was con-
sidered to be the most representative and well digested sludge of the
plant, gave results agreeing in general with the results of Tests 1 and
2. However, there is but a slight variation in the final moisture con-
tent of the various samples of the sludge, the one receiving the great-
est dosage of water having almost the same final moisture content as
the one which was not dosed. The sludge from Tank No. 1 gave very
different results for the various samples, the general characterisics
of the results being widely different from those found for any of the
other sludges tested. The reasons for the results obtained on this
sample are unknown.
In almost every case, the per cent reduction in volume of the
sludges was greater for the heavily dosed sludges.
The significant phenomenon in these tests is that the well digested
sludges on the beds receiving the greatest dosage of water showed a
final moisture content, in almost every case, lower than that on sev-
eral of the beds which were moistened to a lesser degree. This is
contrary to the results which might be expected since it seems im-
probable that a sludge which is moistened to a great extent should
dry more quickly than a sludge which is moistened slightly. The fact
that there was a correspondingly greater reduction in the volume of
the sludge on the beds receiving the greatest dosage of water leads to
the belief that this reduction in moisture content and volume was due
either to the breaking up of the sludge during moistening, or to the
compacting effect of the water. The latter explanation seems to be
more reasonable from the analysis in the following paragraph.
34. Analysis of Phenomenon of Drying Under Varying Moisture
Conditions.-In Fig. 18a it is assumed that there is a group of sludge
particles of the original sample which form a large void marked V.
In the case of the drying of the sludge without the addition of mois-
ture, the reduction in volume of the sludge is due to the shrinking of
each of these individual particles (A, B, C, D, etc.), the volume of the
void changing a corresponding amount, but still being large in com-
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FIG. 18. PROBABLE COMPACTING ACTION OF SLUDGE PARTICLES
DUE TO ADDITION OF MOISTURE
parison with the size of the particles (see Fig. 18b). In the case of the
heavily moistened sample the sludge particles are not given much
opportunity to dry out, but are caused to slide over one another and
assume a new position as in Fig. 18c, the result being the lessening of
the size of the void and a reduction in the amount of moisture that
the group of particles could hold because of the smaller void volume.
In the case of the sludge which is not so heavily moistened, the
sludge particles are kept moistened sufficiently to prevent their drying
and shrinking in volume, but the moistening is insufficient to cause
the sliding of the particles. This results in a group of particles satu-
rated with moisture, containing a large void filled with water.
Due to the fluffy condition of the sludge and the ready liberation
of gases from the mass, it is quite certain that a large number of voids
are present in the sample of sludge. These voids may also be com-
paratively large in size due to the fact that the sludge particles are of
a colloidal nature and do not compact readily. Because of this con-
dition of the sludge it is reasonable to believe that the foregoing hy-
pothesis explains to some extent the unexpected result that well
digested sludges receiving the greatest dosage of water showed a final
moisture content lower than sludges moistened to a lesser degree.
35. Conclusions.-From the results of these tests it is concluded
that the effect of the addition of moisture to well digested sludge, as
in the case of rain, is not detrimental to the drying of the sludge. It
would appear to be ineffective to use covers on sludge drying beds for
this reason alone. The lack of proper ventilation in covered sludge
drying beds would act as a great handicap to the drying of sludges.
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IV. THE EFFECT OF FREEZING ON DRYING OF SLUDGE
36. Object of Tests.-The object of these tests was to show the
effect of freezing on the drying of sludges and to study the possibility
of drying of activated sludge on sand beds during winter weather.
37. The Tests.-Samples of fairly well digested sludge from a sep-
arate sludge digestion tank were placed on the two sets of indoor
drying beds according to the procedure described on page 36. It was
planned to carry out the test on the effect of the addition of moisture
to sludge upon its rate of drying as described in the first part of this
chapter. However, within 24 hours after the first dosage of water,
the weather turned cold and the sludges froze completely. The reg-
ular dosing procedure was continued until one set of sludges had
received two doses of water and the other four doses. Each dose of
water froze on the beds, forming a layer of ice over the sludges, which
in the case of the heavily dosed beds reached a thickness of from 2 to
4 inches.
The sludges remained frozen for a period of about five weeks be-
fore the weather had changed sufficiently to produce any thawing in
the vicinity of the beds.
During this five-week period the ice on the surface of the beds
slowly disappeared without any noticeable thawing taking place, and
after about four weeks the sludges on each bed presented a soft cotton-
like surface.
During the period of thawing the sludges at all times presented a
surface which was quite dry to the touch, and the only evidence of
thawing taking place was shown by the lessening of the thickness of
the frozen sludge layer on the sand.
Within five days after the first noticeable thawing had taken place
the sludges were found to be soft throughout their entire depth, and
presented an unusual appearance on the beds. In all cases the sludge
was but slightly pulled from the sides of the bed and the surface was
entirely free from large cracks. Upon closer examination the surface
seemed to be covered with very minute cracks and the entire sludge
cake had a close-grained spongy structure.
The difference in the structure of the sludges which had been
frozen is shown in Fig. 19. Samples 1, 3, and 5 are portions of the
dried sludges which had been frozen while on the beds, while samples
2 and 4 are portions of sludges which were dried under usual drying
bed conditions in warmer weather.
The view of samples 2 and 3 shown in Fig. 19 shows the differ-
ence in the sludges very clearly. The sludge which dried under freez-
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FIG. 19. EFFECT OF FREEZING ON DRYING OF SLUDGES AND CHARACTER-
ISTICS OF SLUDGE CAKE FORMED
ing conditions is finer grained, and does not have any large cracks.
Samples 4 and 5 of Fig. 19 show the difference in the breaking of
the two sludges. The sludge which was frozen during drying is easily
pulverized to resemble a light dry soil, while the other sludge breaks
in large lumps.
Table 14 gives a summary of the moisture content of the sludges
on the twelve different beds at the end of the test and the per cent
reduction in the volume in each case.
Referring to the results of previous drying tests as shown in
Table 9, it will be noted that the moisture content of the sludges
which were frozen during drying was on the average about 20 per cent
less than that obtained for samples dried in the usual way without
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TABLE 14
PER CENT MOISTURE AND REDUCTION IN VOLUME OF SLUDGES DRIED UNDER
FREEZING CONDITIONS
Beds Receiving 2 Doses of Water Beds Receiving 4 Doses of Water
Bed No. Per Cent Moisture Per Cent Moisture
________________ Per Cent ________________ Per Cent
Reduction Reduction
Start of End of in Volume Start of End of in Volume
Test Test Test Test
1....................... 89.88 51.9 63.2 89.88 55.3 55.2
2....................... 89.88 52.8 63.2 89.88 54.2 52.7
3....................... 89.88 52.6 57.9 89.88 54.2 57.9
4....................... 89.88 51.6 63.2 89.88 53.8 57.9
5....................... 89.88 52.3 57.9 89.88 52.2 57.9
6....................... 89.88 52.8 57.9 89.88 52.6 60.4
freezing. The per cent reduction in volume, however, was less for the
unfrozen samples, as would be expected from the appearance and
structure of the two types of dried sludges. Volume for volume the
weight of the frozen samples was on the average about one-half of the
weight of the unfrozen samples.
It would be logical to suppose that the effect of the freezing of
winter rains and snows on the surface of the sludge might have a
pronounced effect upon the final moisture content of the sludge cake
after thawing. The dosing of the sludges with different amounts of
water which became frozen and formed an ice layer on the beds,
might simulate the effect of winter rains and snows. It is to be noted
in the final results shown in Table 14 that there is but little difference
in the per cent moisture of all of the sludges even though the amounts
of water added were markedly different.
38. Comparison of Drainability of Frozen and Unfrozen Sludge.-
In order to check the results obtained on the indoor drying beds, a
test was made using the sludge drainability apparatus described on
page 21.
A sample of poorly digested sludge was taken and a little over a
liter of it was placed in a water-tight pan and frozen for nine days in
the freezing chamber of an electric refrigerator. A like sample was
stored in the laboratory for this same length of time. The frozen
sludge was allowed to thaw out and a drainability test was run on each
of the two samples.
The sample which had been frozen drained very rapidly while the
other was very slow in starting to drain. The difference in the rate of
the draining of the two samples is clearly shown in Fig. 20.
RESULTS OF TESTS ON SEWAGE TREATMENT
/oo' -^^: - --- - - - -
7he /h /- oo•_ _s 5/inCe S/ur' of 7Ste,
The sludge which had been frozen drained so rapidly that within
one-half minute after pouring the sludges on the sand, less than 50
per cent of the original water content remained in the sludge, while
in the case of the unfrozen sample the lowest moisture content reached
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was 58.4 per cent after a period of 28 hours of draining.
The original moisture content of the two samples was found to be
identical, showing that the sludge was not affected by the freezing.
After 28 hours, when the samples had ceased to drain, the moisture
content of the frozen sample was found to be 73.5 per cent and that of
the unfrozen sample to be 84.1 per cent. The amount of the original
moisture remaining in the frozen sample after draining was 30.7 per
cent as against 58.4 per cent in the case of the unfrozen sample.Quite a difference was evident in the struct re f the frozen sludge
after thawing. The moisture seemed to have completely separated
from the sludge particles so that the sludge would not mix into a paste
as it did in the original unfrozen form. After draining, the frozen
sludge showed the characteristics of a fine filtrate on the sand filter,
while the unfrozen sludge was thick and paste-like.
The drainability test was repeated, using a thick semi-activated
sludge from the mechanical aeration plant of the Sheffield type in
operation at the experimental plant. One portion of the sludge was
frozen for 48 hours in the freezing compartment, while a second por-
tion was stored at a temperature above freezing in the refrigerator.
After the frozen sample had thawed it was found that a large amount
After the frozen sample had thawed it was found that a large amount
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FIG. 21. EFFECT OF FREEZING ON DRAINING OF ACTIVATED SLUDGE
of water had separated from the sludge particles, while the unfrozen
portion did not show any such separation.
The difference in the rate of draining of the two samples is shown
in Fig. 21.
The sludge which had been frozen drained very rapidly, and with-
in one-half minute after pouring on the sand less than 75 per cent of
the original moisture content remained in the sludge, while in the case
of the unfrozen sample this moisture content was not reached until
after twenty minutes of draining.
39. Microscopic Appearance.-A microscopic examination of the
Imhoff tank sludge after thawing showed a great difference in the
structure of the sludge caused by freezing. The sludge particles
were clumped together, with widely separated groups similar to the
results of an agglutination reaction. The original sludges showed a
fairly complete dispersion of the particles throughout the field. Fig-
ure 22 shows photomicrographs of these two conditions of the same
sludge sample. Sample (a) is of sludge from Decatur, Illinois, while
sample (b) is from Bloomington, Illinois, showing that the same effect
is produced by freezing sludges of widely different characteristics.
The characteristics of these two sludges are described in Chapter III,
pages 41 and 42.
From these microscopic examinations it is apparent that the effect
of freezing has been to overcome the attraction of the colloidal
particles for water, and to permit this water to drain rapidly upon
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FIG. 23. COMPARISON OF SEPARATION OF WATER FROM SLUDGES
BEFORE AND AFTER FREEZING
The tube on the left for each sludge contains that portion of the sample which had not
been frozen. The tube on the right contains the portion of the sample which had been frozen.
thawing. This observation is borne out by the results of settling
tests for frozen and unfrozen sludge.
40. Comparison of Separation of Water from Frozen and Unfrozen
Sludge.-Samples of different sludges were frozen for 24 hours in the
freezing compartment of a refrigerator and then allowed to thaw out.
The samples were well shaken, and then equal amounts of both the
frozen and unfrozen sludges were allowed to settle for two hours.
The amount of water separating from the frozen sludges was from 3 to
10 times the amount separating from the original sludge.
These results are very clearly shown in Fig. 23. Tubes 1, 3, and 5
contain the original unfrozen samples of Bloomington, Decatur, and
Experimental Plant sludges, respectively, while tubes 2, 4, and 6 con-
tain the corresponding samples which had been frozen. In the case
of the semi-activated sludge samples, not shown in the figure, the
liquor from the unfrozen sludge separated to the extent of about 10
per cent of its volume, while the liquor of the frozen sample separated
to about 50 per cent of its volume.
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41. Conclusions.-From the observation made it is quite evident
that freezing alters the draining qualities of sludge and allows the
entrained water to separate very quickly during thawing, giving much
lower final moisture content in the sludge cake than is obtained with-
out freezing during drying. The final sludge cake has characteristics
well suited for its removal from the bed. The sludge has a dry spongy
appearance, little cohesion, is easily pulverized, has no odor, and
separates easily from the sand on the bed.
In many plants it has been the practice to omit the regular draw-
ing of sludge from digestion tanks during the winter months because
it is generally supposed that the freezing of the sludge prevents
proper drying. These tests show that it is not only feasible, but
advantageous to draw sludge onto the drying beds in cold weather.
It would also be feasible to remove the sludge from the beds in
cold weather while it is in a frozen or semi-frozen condition to make
room for further drawing of sludges. It may be easily transported
while in this condition and allowed to thaw out and disintegrate at
the point of final disposition.
The results of the investigation on the effect of freezing on the
drying of sludges have been borne out by a recent experience at
Bloomington, Illinois. Incompletely digested sludge was drawn onto
a drying bed on about the 1st of November. It dried but slowly, and
was in a very unsatisfactory condition after about 6 weeks. After
this period on the bed it froze and remained frozen for about 4 weeks.
Upon thawing it gave all indications of being a very well digested
sludge, and could be removed from the bed, while before freezing it
was in a condition in which it would not have been feasible to remove
it.
The fact that activated sludge is similarly affected by freezing is
significant in that it has been found impracticable to dry activated
sludge on sand beds. These tests show that it would be feasible to
dry this type of sludge on outdoor beds during freezing weather and
thus obtain a sludge which might be easily removed from the beds.
V. SEDIMENTATION OF SETTLEABLE MATTER IN SEWAGE
42. Object of Tests.-The object of this series of investigations was
to derive an expression for the relation between the factors affecting
sedimentation and the per cent removal of suspended particles in
sewage.
. RESULTS OF TESTS ON SEWAGE TREATMENT
43. Plan of Tests.-It was intended to study the following
variables:
(1) Detention period (4) Specific gravity
(2) Depth of flow (5) Temperature
(3) Size of particles (6) Electrical effects
After the experimental work was begun it was found that con-
centration of the particles in the liquid was an additional variable
which became of prime importance, and had to be studied.
The experimental work was carried on in three separate, but inter-
connected, investigations which have led to the findings reported
herein. The first series of investigations was started in the fall of
1925 by L. V. Carpenter, who made a theoretical analysis of the prob-
lem based upon experimental data using coal and sand as a sediment.
The following year the work was carried on by C. V. Erickson in
connection with a specially arranged Imhoff tank and the study was
based upon the suspended particles of ordinary sewage.
In the latest investigations carried on by H. E. Schlenz, the Imhoff
tank was changed slightly and a provision made for the dosing of
fresh sludge into the raw sewage to increase the concentration of sus-
pended solids.
A. First Investigation Using Coal and Sand as Sediment
44. Description of Apparatus.-The sedimentation tank used in
the first investigation consisted of a rectangular wooden box 282 in.
wide, 3 ft. deep, and 10 ft. long. This was divided longitudinally into
three compartments, 1, 2, and 3 ft. deep, respectively. The width of
each compartment was 9 in. A distributing box 12 in. deep was built
at the inlet end, and on the outlet end three orifice boxes, each 9 in.
long and 12 in. deep, were constructed. The tank was so made that,
by adjusting a baffle at the end of each channel, any number of the
channels could be used at one time. Details of the sedimentation
basin are given in Fig. 24.
A sheet iron tank 45 in. in diameter and 4 ft. high was used as a
storage'tank for the solutions, and was connected by a pipe to the
distributing box of the sedimentation tank. A tub was placed be-
neath the orifice boxes at the effluent end of the sedimentation tank.
A centrifugal pump was connected with this tub and returned the
liquor to the solution tank. This arrangement returned the solution
to the tank at the same rate as it left it, and thus maintained a con-
stant head on the discharge pipe from the tank. The general arrange-
ment is shown in Fig. 24.
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FIG. 24. DETAILS OF SEDIMENTATION TANK AND ARRANGEMENT OF
APPARATUS USED IN FIRST INVESTIGATION ON SEDIMENTATION
45. Method of Making a Run.-A definitely measured quantity of
sediment was mixed with water and placed in the tub. Tap water
was turned into the tub and the pump was started. Quantities of the
sediment mixture were placed in the tub at regular intervals, and this
mixture was pumped into the storage tank until it was filled to the
proper level.
The valve to the sedimentation tank was then opened, and the
rate of flow determined. Small quantities of the sediment were placed
in the tub at approximately ten-minute intervals to make up losses by
subsidence in the sedimentation chamber. Every ten minutes a.
100 c.c. sample of the influent was taken and placed in a 212 liter
bottle. After the period of detention had passed, samples of the efflu-
ent were caught at ten-minute intervals from the pipes leading from
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the orifice boxes. The temperature of the water in each sedimenta-
tion chamber was recorded.
46. Analysis of Samples.-Determinations of the turbidity,
settling solids, Gooch solids, and residue on evaporation were made on
all samples. "Standard Methods of Water Analysis, 1925" of the
American Public Health Association were followed for all of the
analyses except the settling solids. The settling solids in this first
series of investigations were determined by allowing one liter of the
sample to stand for one hour in an Imhoff settling cone. A Jackson
candle turbidimeter was used for determining the turbidity.
47. Description of Sediment.-In this investigation sand and coal
were used as sediment. The former was a silica sand passing a 100-
mesh sieve. The coal was what is known locally as "Danville coal."
The coal was placed in a ball mill and thoroughly pulverized. The
specific gravity determinations were made with a standardized Le
Chatelier apparatus, following the procedure as outlined by the speci-
fications of the American Society for Testing Materials (1917).
Three determinations were made for each, and the mean of these
three determinations was taken as the specific gravity. The specific
gravity for the coal was found to be 1.29, and for the sand, 2.68.
48. Determination of Solubility of Samples.-The solubility of the
sand and coal samples was determined by mixing each with water and
then allowing them to stand quiescent for twenty-four hours. Resi-
due determinations on the supernatant liquor of each showed, on the
basis of the residue of the original water, that the sand was soluble to
the extent of about 9 parts per million and the coal to about 13 parts
per million. These amounts were considered negligible, and for the
purpose of this test the materials were considered insoluble.
49. Tests on Diffusion.-A series of tests was made to determine
how much diffusion would take place in a sedimentation basin.
Based upon tests at both constant and changing temperatures using
fluorescein, copper sulphate, and potassium permanganate in addition
to coal and sand it was found that diffusion under constant temper-
ature is practically zero but that under slight changes of temperature
it becomes quite rapid. The mixing due to the changes in tempera-
ture is due to currents being set up, and not to diffusion in the true
sense of the word. From the results of these tests it was assumed
that:
ILLINOIS ENGINEERING EXPERIMENT STATION
P.0
0
?<
rt.
SB
B
CO
0
z
So)
t0
z
0,
z
Co
Co
Cc'
0
0c
0.
.0B
z-
03
CO
0 -
T 0
0.)
0
0
'§
I- ^
0l'Q0)0
Co^
0*
Co
.0
0
'0
Ca
01
Co
Co
Co
tOi-tO00C > M(00 fM S O 00 OO~iO0O CoObeetdo9Os O' O0 0 0 0ý o ® 1 !
0 Co t- 00 00 W 0 t O0 CO tCM SO0 OMO-^O~Oo
O MCoO *0 N O o 0^I CO ^AI o N CoOl O-CO'- - o» -
CO 00OSOSO~ C o^~~ 00 NClO C O  o r
1
-.~i$0®
cq ~ ~ c 14N42 0 mN-'*M< Sm0Ow0 " tOOO o m^
coo1 CloIt-l t-Co ii
0Co-)~iOOOOO~Co C"So~OON O2O OONO-o
ko C M oc oo nw oo o oo o
-CocO c o0 COOCOCoC' o oCT "z LCO 0CD
CoO ~ oOOOOOOO CiOOC C~cN-OO OiCO^N '
l0 o Co oC o tCo - - t t~ -Co Nc koooo~0o ýn 4
N Co00 OCO O C 0 =0 0 Co C0otO C0 0000 C
- ~ CO COCO ~Coo Dra Crao Co ~ o ~O- Co Co Co 00 Co N Co
I-,io C;iCO O OO 
CoNomom""Cm ooooooo wct^Toýww
(0'<<eoi~ or ®®'-'~'-i'--i'-c~t<o~oo"3 0
1
. . .. . . . . . . . . . . *w ^- ~l)
. . . .. . . . . . . . . . .0Co
IC o co C<<* ;> 5o (0-r- C o t-o ~o o 5 ios - -II~
~Co
- 0.~ ~.
.0j~
.~ C
o ~
.0
RESULTS OF TESTS ON SEWAGE TREATMENT
000iO c; t000 0- a 0-0'.0 000000000M
000,0 00 0-00ilt 3~itOttl-0000 00~t~-0 ^O .<00
'00 0000~-lM 0000 ffrI =0000= 0 00lCOCr0l0 00trE
z
0
OQ
0
Cý
z
P4
z
00
00
z
0
&4
0
0
ri2
P4
E.
0
z
o
p
0
S
S
0
.02
iJ
<O
0
0•
0•
*z
D
N
a
O©
~00~0c'1 .~00
00000 ~ 0000
000 0-~00 0~000~0 .00~000
~00-0000 *0~0L--00~0-~0 .0000t~
000 0000~00 ~'Q~0~0
oooooo~ooooooooooo,-~
0000,~,0c~000-0c~00000-00-t--
0000000 ~000~0000~00000000
Soooooooooooooooooooooooo
r " 0ooooooooooo0ooo -00.-OO '0o-
0-0000 - 00
i00 -0 0000a-tO
C0~iSO0ii0 00000' 00(0000
0000000-- -- --
C~~l~iS~iC~GO O^O0 ^ OO 'o0'r-0'
odd dd o'^d -<-<-i-<'<'<' C'-iN i^ ^(
- - . .. -0 -  - -0.*gt. i T-r^-l - 00iii0ao^-00=00000'^CD-0C0c
0oooooe'dod-odtooooooo~d d^dtt-o^
- . .. . . . . . . . .. .
0 -I II I LI O L I Ig I I i
r-lA rE^KMN-^-- 0 0tatlOC 10 -<t-!(
000-000000= ~ 0000-0000000 '0' 00-000 '00000000-00000-0000.0' 000-0 ~ 00000
00000000.0' =00- .0' ~ =0000000-0-00
a
.20
E,
ILLINOIS ENGINEERING EXPERIMENT STATION
C7'o/ce/2trr/7t/c 1 /-7 Pail-S l per I///,1//
FIG. 25. CURVEs SHOWING RELATION BETWEEN PER CENT REDUCTION OF Sus-
PENDED SOLIDS AND CONCENTRATION USING SAND AS A SEDIMENT
(1) The effect of diffusion is negligible
(2) When the temperature variation is less than a degree dur-
ing any one test the effect of convection currents is neg-
ligible.
50. Volumetric Displacement.-It was desired to determine if a
complete volumetric displacement of the sedimentation basin took
place during the calculated detention period. The detention period
calculated by dividing the quantity of water entering the basin by the
volume of the basin gave a period of 48 minutes. Sand was intro-
duced in the influent and the time was noted when the first trace of
cloudiness due to sand appeared in the effluerrt. At the end of thirty-
seven minutes a slight cloudiness was apparent beneath the surface
but it did not seem to pass over the effluent weir. In forty-eight min-
utes the effluent was distinctly cloudy. During operation the basin is
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FIG. 26. CURVES SHOWING RELATION BETWEEN PER CENT REDUCTION OF SUS-
PENDED SOLIDS AND CONCENTRATION USING COAL AS A SEDIMENT
filled with a sediment-laden mixture, and it is questionable whether a
cloud of the finer material would reach the effluent in so short a time
as in this case, when the sediment mixture is introduced in clear water.
These data and chloride tests reported on page 76 in connection with
the flow through the Imhoff tank do not seem to warrant the making
of any correction to the calculated detention period.
51. Temperature Correction.-It was assumed that the rate of
sedimentation varied inversely with the viscosity, and that the per
cent reduction of suspended solids also varied inversely with the vis-
cosity. These two assumptions have been borne out by the results of
all of the tests made in all three investigations.
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52. Typical Results of Tests.-The tests in this first investigation
consisted of runs on about twenty-five different concentrations of
sand and coal for each of the three depths of 12, 24, and 36 inches,
respectively.
Table 15 gives the results for a typical series of tests on a 24-in.
depth, using sand as a sediment; these results are plotted in Fig. 25.
Table 16 gives the results for the tests on a 36-in. depth, using coal as
a sediment; these results are plotted in Fig. 26.
53. Results of First Investigation.-From the data collected the
following relationships between the per cent removal, R, the concen-
tration of suspended particles in parts per million, C, and the specific
gravity, G, were found to hold for the two materials tested:
R = 4.3(C - 250 )0.4
when the depth is 3 feet, sand is used as sediment, and the de-
tention period is one hour.
R = 5.1 (C G- 250)0.4
when the depth is 2 feet, sand is used as sediment, and the de-
tention period is one hour.
R = 5.6(C G4-00)0.3
when the depth is 3 feet, coal is used as sediment, and the de-
tention period is one hour.
R = 6.1 (C - 400)0.36
when the depth is 2 feet, coal is used as sediment, and the de-
tention period is one hour.
These equations indicate that, when the concentration is 250
parts per million, or less, when sand is used, or 400 parts per million,
or less, when coal is used, the per cent reduction will be zero. This
was found to be true within the limits of the tests.
When the detention period was plotted against the per cent re-
duction of suspended solids it was found that the per cent reduction
increases directly with the detention period until some limit is
reached, when the curve gradually becomes asymtotic to the horizon-
tal axis. Sufficient data were not available to define the curve for any
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particular depth over as wide a range as would be desirable, but the
curves for different depths showed the same form except that the more
shallow depth showed the larger per cent increase for the same de-
tention period.
With the data collected in the first investigation it was not pos-
sible to derive a general expression which would give the per cent
reduction of suspended solids in terms of the several variables. It
was found that any expression that might be derived from the data
available would be good only within narrow limits, and would be of
no practical value.
The effect of specific gravity was not brought out so well as had
been hoped. Data collected indicated that 'the effect of concentration
was more marked the less dense the sediment. The results show
rather conclusively that the effect of specific gravity on the per cent
reduction is not a direct relation as expressed by Schone's and Hazen's
formulas and by Stoke's law.
B. Investigations on Sedimentation in Flowing-through Chamber of an
Imhoff Tank
54. General Considerations.-The sedimentation of suspended
matter in sewage is susceptible to much less accurate mathematical
analysis than that of substances such as sand and coal, for the reason
that the particles of suspended matter are constantly changing in
shape and hydraulic value as a result of the bacteriological changes
which are continually taking place. The ebullition of gas is another
factor which may exert a material influence upon the process. It is
also known that a considerable fraction of the suspended matter in
sewage is in a very fine (colloidal) division and cannot be removed by
sedimentation. In view of the impossibility of controlling or correct-
ing for these factors, it was deemed necessary to conduct tests using
actual suspended matter in sewage so that these factors would be
taken into account.
C. Second Investigation on Sedimentation
55. Object of Tests.-The purpose of the tests in the second inves-
tigation was to study the variables in connection with sedimentation,
using actual suspended matter in sewage. This second investigation
on sedimentation was first carried out in connection with the tests on
Tanks A and B described in Chapter II, but the results were very
erratic. The belief that data on sedimentation should be secured
independently of the investigations in progress on sludge digestion led
to the construction of a third Imhoff tank, designated as Tank C.
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FIG. 27. DETAILS OF INFLUENT CONTROL APPARATUS ON TANK C
In the operation of this tank it was possible to remove the sludge
daily, and thereby eliminate the possibility of the transfer of sludge
particles from the sludge digestion chamber to the sedimentation
basin.
56. Description of Apparatus.-The Imhoff tank, Tank C, used in
this series of tests on sedimentation is described on page 19 and shown
in Fig. 8. Sewage was pumped from the main pump sump to an in-
fluent control device, shown in detail in Fig. 27, which was placed
above the tank for the purpose of regulating the amount of sewage
delivered to the sedimentation basin to obtain any desired detention
period. This was accomplished by varying the size of the orifice and
changing the head on the orifice by varying the length of the overflow
pipe.
The rate of flow through the tank was determined by means of a
200-gallon measuring tank.
2/lf/lce
A
2-111ce
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57. Description of Typical Run.-The rate of flow necessary to se-
cure the proper detention period desired for any single run was cal-
culated, and the influent control apparatus adjusted to give this flow,
as determined by test measurements.
In order to illustrate the method of sampling, a detention period
of one hour will be assumed. Every 10 minutes a 350 c.c. sample of
the influent should be taken at the outlet from the influent control
device. After the period of detention has passed samples of the efflu-
ent should be taken at periods of 10 minutes, a 350 c.c. sample being
collected each time. The composite sample made of these seven
samples will aggregate 2450 c.c. Temperature readings of the influ-
ent, effluent, and the center of the sedimentation basin should be
taken every hour.
When shorter detention periods were used, the time interval be-
tween individual samples, and between temperature readings, was
decreased. For longer detentions the time intervals were increased.
The tank was operated continuously between runs so as to main-
tain favorable conditions in the tank at all times. The walls of the
sedimentation basin, the slot, and the triangular beam were cleaned
frequently between runs. Floating material in the gas vents was
skimmed off frequently and sludge was drawn off daily in order to
avoid the introduction of factors which might affect sedimentation.
58. Discussion of Analytical Determinations Used and Revisions
Made.-At the beginning of this investigation determinations on
both the influent and effluent samples were made of Gooch solids,
residue on evaporation, turbidity, and settleable solids by the Imhoff
cone method. The efficiency of the sedimentation of the tests made
on the one-foot depth was measured by the per cent reduction in
Gooch solids. The erratic results obtained, combined with the opin-
ions arrived at in a search of the available literature on the subject led
to the decision to discard the Gooch-solids determination, and to sub-
stitute for it a new test. It is unsatisfactory to judge the efficiency of
a sedimentation tank by the per cent reduction in suspended matter,
because the analyses involve filtration of the sample. The compari-
son of settling basins should be made on the basis of the removal of
settling suspended solids, i.e., the portion of the total solids in sus-
pension which will settle when allowed to stand quiescent in a meas-
uring glass for two hours.
Another disadvantage of the Gooch crucible method was the diffi-
culty experienced in filtering the samples, even though care was taken
to avoid having too thick a mat. In some cases a sewage showing a
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Gooch solid content of about 150 parts per million required as much
as six to eight hours to pass through a Gooch crucible. Since the
difficulty of passing sewage through the crucible makes it necessary to
use a small sample of from 20 c.c. to 50 c.c. in order to perform the
determination within a reasonable period of time, it is believed that
such a test can hardly be regarded as representative. The test de-
vised to measure the efficiency of sedimentation in these tests is des-
cribed in the following paragraphs.
59. Settling Solids Determination.-A liter of the sample is placed
in a glass tube about 1%4 in. in diameter and about 3 ft. long, set in a
vertical position and fitted with a rubber stopper at the lower end.
Quiescent settling for a period of two hours is followed by the siphon-
ing of the supernatant liquor down to a residual volume of about
50 c.c. of liquor and settled solids. It has been found advantageous to
stir the contents of the tube with a glass rod after about one hour or
less of settling to remove any solids adhering to the sides of the cylin-
der. The stirring should not be so vigorous as to disturb any of the
liquid in the lower 50 c.c. zone. After siphoning, the residual liquor
and solids are transferred to an evaporating dish by removing the
stopper or by pouring out of the open end. After measuring the
volume of this liquor accurately by means of a small cylinder grad-
uated in cubic centimeters it is returned to the evaporating dish. The
measuring cylinder is then rinsed with not more than 50 c.c. of dis-
tilled water, and this is poured into.the settling tube and then added
to the liquor in the evaporating dish, in order to avoid losing solids
adhering to the measuring cylinder and settling tube. The liquor is
then evaporated on the steam bath, heated to dryness, and the residue
weighed. The weight multiplied by 1000 gives this residue in parts
per million. A correction must, however, be applied to this result,
because of the dissolved solids and non-settling solids contained in the
residual volume of this sample.
This correction necessitates the use of the residue-on-evaporation
determination which is made on a 100 c.c. portion of the original
sample in accordance with "Standard Methods" of the American
Public Health Association, 1925.
In order to find the true amount of settling solids in the original
sample, a correction equation is used. This equation is derived as
follows:
Let X = weight of settling solids in 1 liter of the original sample.
Y = weight of non-settling solids plus dissolved solids in 1 liter
of the original sample.
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R = weight of the total residue in 1 liter of the original sample.
(Note:-This is equal to 10 times the weight of the residue
on evaporation as determined on a 100 c.c. sample, as des-
cribed in the foregoing paragraph.)
w = weight of the residue in the residual volume of solids and
liquor determined on a 1 liter sample, as described.
v = volume in c.c. of the residual volume of solids and liquor
remaining after siphoning. (Measured to be 50 c.c. gen-
erally)
V
Then w = X + 1 Y
But Y = R - X
V V
Therefore w = X + R - 1000 X
X 1 - 1000 1000 R
- v w- v R
1000
x =
v
1000
Taking v as 50 c.c. in the general procedure, we get:
w - 0.05 R
0.95
Instead of substituting for w and R the actual weights, the results
in parts per million, determined as described in the foregoing para-
graphs may be substituted.
60. Summary of Results.-The tests on the one-foot depth of flow
were conducted before the adoption of the settling-solids test so these
results could not be correlated with those obtained with other depths.
The tests completed covered various concentrations for 2-, 4-, and
6-ft. depths with different detention periods in each case. Results for
a typical series of runs are shown in Table 17 and Fig. 28, being for a
4-ft. depth and 1.15-hour detention period.
68 - ILLINOIS ENGINEERING EXPERIMENT STATION
TABLE 17
SUMMARY OF DATA ON SEDIMENTATION
Depth of Flow-4 Feet
(Second Investigation)
Date, 1927
4-13.................
4-18.................
3-14 .................
3-29.................
3-15.................
4-14 .................
3-15.................
3-17 .................
3-17.................
3-31 .................
3-22 .................
4-1 ..................
3-22.................
3-29.................
3-22.................
4-1 ..................
4- 1 ..................
4-6 ..................
3-22 .................
3-10 .................
Deten-
tion
Period
in
Hours
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
0.87
Average
Temper-
ature
in
Sedim.
Basin
deg. i.
14.5
14.9
14.9
14.6
15.7
13.5
15.3
14.5
15.7
14.5
12.2
12.4
12.6
13.9
12.6
12.4
12.6
14.5
13.0
16.5
Settling Solids, P.P.M.
Influent
440
186
118
102
99
86
63.2
62.0
49.2
49.1
36.8
33.8
28.9
28.9
26.6
26.4
25.6
24.0
21.5
87.3
Effluent
60
31.5
40.7
33.7
23.2
22.9
22.4
28.3
14.7
24.1
9.9
9.6
14.6
14.4
8.7
10.0
11.5
4.2
14.4
34.1
Per Cent
Reduc-
tion
86.4
83.0
65.5
67.0
76.6
73.4
64.6
54.3
70.0
50.9
73.0
71.5
49.5
50.2
67.3
62.0
55.0
82.5
33.0
61.0
Per Cent
Reduc-
tion
Correct-
ed to
10 deg.
C.
76.2
72.5
57.2
59.0
65.6
66.5
56.3
47.9
60.0
44.9
68.5
66.9
45.3
45.1
61.5
58.0
50.2
72.7
30.4
51.0
Residue on
Evaporation,
P.P.M.
Influent
1270
1150
1020
1369
1195
1021
831
856
954
1119
912
725
873
883
881
732
730
870
857
1330
Effluent
890
850
873
1025
942
892
780
807
797
990
814
718
813
844
831
721
721
878
844
957
The results for the very low concentrations were found to be quite
erratic and did not lie on a smooth curve.
61. Conclusions.-A slight superiority of the 4-ft. depth of flow
over the 6-ft. depth of flow was shown, but it is realized that the data
are not really adequate to permit any proper comparison between the
two.
In addition, the slope of the curve for the 4-ft. depth was found
to be greater than that for the 6-ft. depth, indicating the possi-
bility that the effect of concentration on the per cent removal of
settling solids is greater in shallower sedimentation basins than in
deeper ones. This was found to hold true in later tests.
It was found that with low concentrations of suspended matter in
sewage the results were quite erratic, due to the predominance of
factors which could not be controlled. With the higher concentra-
tions these factors did not exert such a great influence on the final
results. Since, in this second investigation, most of the results were
obtained for concentrations below 150 parts per million, it was con-
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Corzcenfrezt/7o7 of SeW//'g/ 5o//ds /2 /%r/'s per li7/i/on,
inA fAe /nf/w/enf
FIG. 28. CURVES SHOWING RELATION BETWEEN PER CENT REDUCTION IN SETTLING
SOLIDS AND CONCENTRATION FOR 4-FOOT DEPTH OF FLOW (SECOND INVESTIGATION)
cluded that it would be impracticable to attempt to derive an expres-
sion for the relation between the various factors studied.
D. Third Investigation on Sedimentation
62. General Considerations.-It was shown conclusively by the
second series of investigations that in order to arrive at any definite
conclusions in regard to the relation between the various factors af-
fecting the sedimentation of suspended matter in sewage, it would be
necessary to work with higher concentrations of settling solids in the
sewage than those which were obtained with the ordinary Champaign
sewage, the average concentration of which was below 150 parts per
million. It was also deemed necessary to obtain data on a very much
wider range of concentrations than had been obtained in previous
tests. The practicability of working with moderately high concentra-
tions is not only brought out through a consideration of the lessening
of the error introduced in the results by uncontrollable factors, but
also by the use to which any relationship might be put in actual prac-
tice. In designing the sedimentation basin of an Imhoff tank the
maximum conditions of flow, concentration, etc., which might be
reasonably expected would be used. The resulting design would then
be adequate for the lower flows and low concentrations.
63. Object of Tests.-The object of this third series of investiga-
tions was to attempt to complete the work begun by L. V. Carpenter
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TABLE 18
SUMMARY OF SEDIMENTATION DATA FOR 4-FT. DEPTH AND 27-MIN.
DETENTION PERIOD
Date, 1929
1-14.........
1-14.........
2-2 ..........
1-14.........
2-2 ..........
1-11 .........
1-10.........
1-11 .........
1-10.........
1-10.........
1-9 ..........
1-9 ..........
1-11 .........
1-9 ..........
Sample No.
1-CD-87
2-CD-88
1-CD-85
2-CD-86
1-CD-121
2-CD-122
1-CD-89
2-CD-90
1-CD-123
2-CD-124
1-CD-79
2-CD-80
1-CD-75
2-CD-76
1-CD-83
2-CD-84
1-CD-77
2-CD-78
1-CD-73
2-CD-74
1-CD-71
2-CD-72
1-CD-67
2-CD-68
1-CD-81
2-CD-82
1-CD-69
2-CD-70
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
15%
15%
14%
15%
14%
14½
Settling Solids, P.P.M.
Influent
1265.0
1250.0
897.2
705.2
426.3
314.0
14% 290.0
186.0
15% 164.1
147.5
139.0
124.8
79.8
70.4
Effluent
145.5
139.2
292.1
241.2
172.5
83.1
129.5
53.0
58.3
50.6
66.7
73.4
45.6
34.0
Per Cent
Reduc-
tion
88.5
89.0
67.5
65.9
59.5
76.1
55.4
71.5
64.4
65.6
52.0
41.2
42.8
51.7
Per Cent
Reduc-
tion Cor
rected
to 10
deg. C.
75.2
75.5
59.9
56.0
52.3
67.0
48.3
62.3
55.1
55.8
43.0
36.2
36.6
45.0
Residue on
Evaporation,
P.P.M.
Influent Effluent
1092
and continued by C. V. Erickson, and to derive the relationship be-
tween the various factors affecting sedimentation as applied to the
flowing-through chamber of an Imhoff tank.
64. Plan of Tests.-In order to obtain data on sedimentation for
the higher concentrations the only feasible plan seemed to be to add
suspended matter to the raw sewage at a constant rate to obtain the
desired concentration. In order to obtain results on actual suspended
matter in sewage it was decided to use very fresh sludge for the pur-
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TABLE 19
SUMMARY OF SEDIMENTATION DATA FOR 4-FT. DEPTH AND 36-MIN.
DETENTION PERIOD
Date, 1929
1-17 .........
2-1 ..........
2-1..........
2-1 ..........
1-30.........
1-30.........
1-31.........
1-18.........
1-18.........
1-18 .........
1-30 .........
1-31 .........
1-17 .........
1-17 .........
1-31 .........
Sample No.
1-CD-95
2-CD-96
1-CD-115
2-CD-116
1-CD-119
2-CD-120
1-CD-117
2-CD-118
1-CD-103
2-CD-104
1-CD-105
2-CD-106
1-CD-109
2-CD-110
1-CD-101
2-CD-102
1-CD-99
2-CD-100
1-CD-97
2-CD-98
1-CD-107
2-CD-108
1-CD-111
2-CD-112
1-CD-93
2-CD-94
1-CD-91
2-CD-92
1-CD-113
2-CD-114
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
Settling Solids, P.P.M.
Influent
1130.0
956.1
887.0
670.3
645.0
486.0
472.0
376.0
362.0
362.0
331.5
265.5
176.0
170.0
141.5
Effluent
131.0
263.9
248.7
201.8
139.9
155.0
142.0
112.0
101.5
113.5
94.5
96.5
86.3
71.9
79.4
Per Ceni
Reduc-
tion
88.1
72.4
72.0
70.0
78.3
68.1
69.9
70.2
72.0
68.5
71.5
63.8
50.8
57.7
44.6
Residue on
Evaporation,
P.P.M.
Per Cent
Reduc-
tion Cor-
rected
to 10
deg. C.
74.4
65.9
64.0
62.8
71.2
62.0
64.7
62.8
64.5
59.6
62.7
57.5
42.5
48.4
39.6
Influent Effluent
pose, and to attempt to obtain a range of concentration of settling
solids of from 0 to about 1000 parts per million. Later tests referred
to on page 80 showed that a strong sewage made in this manner gave
the same results in sedimentation as a normally strong undosed
sewage.
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TABLE 20
SUMMARY OF SEDIMENTATION DATA FOR 4-FT. DEPTH AND 45-MIN.
DETENTION PERIOD
Date, 1928
12-11 ........
12-11 ........
12-13........
12-7 .........
11-20 ........
11-22........
11-20 ........
11-22 .......
12-11........
12-7 .........
12-7 .........
11-22 ........
11-20 ........
Sample No.
1-CD-63
2-CD-64
1-CD-61
2-CD-62
1-CD-65
2-CD-66
1-CD-57
2-CD-58
1-CD-43
2-CD-44
1-CD-49
2-CD-50
1-CD-41
2-CD-42
1-CD-47
2-CD-48
1-CD-59
2-CD-60
1-CD-55
2-CD-56
1-CD-53
2-CD-54
1-CD-51
2-CD-52
1-CD-45
2-CD-46
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
18%4
18%
18%
19
18ýi
181i
20
18
19
19
19
ettling Solids, P.P.M.S
Influent
761.0
734.0
604.2
464.0
335.5
302.0
208.5
164.0
150.8
141.0
129.0
107.0
97.0
Effluent
89.4
182.8
115.2
94.0
89.4
98.9
111.9
93.4
54.5
81.4
98.4
63.1
78.9
Reduc-
P ,C. t
Reduc-
tion
87.4
75.2
81.0
79.7
73.4
67.2
46.3
43.0
63.7
42.3
23.7
41.0
8.4
rected
to 10
deg. C.
68.4
Residue on
Evaporation,
P.P.M.
I
Effluent
953
Influent
1604
1689
1513
1638
1255
1084
1022
1054
'1039
962
944
821
1552
65. Description of Apparatus.-The tank designated as Tank C,
which is described on page 19, was used for these tests. A few minor
changes were made in the influent and effluent weirs in order to im-
prove the uniformity of the flow through the tank.
The concentration of the sewage was increased by means of the
sludge dosing apparatus shown in Fig. 29. Fresh sewage sludge not
over twelve hours old was allowed to flow into the lower barrel a from
which it was pumped to the orifice tank b, the desired head in this
orifice being maintained by the overflow pipe c which leads to a second
barrel d. The sludge from this barrel was allowed to return to the
1146
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TABLE 21
SUMMARY OF SEDIMENTATION DATA FOR 4-FT. DEPTH AND 54-MIN.
DETENTION PERIOD
Date, 1928
10-18 ........
10-24........
10-24........
10-16........
10-29........
10-29........
10-31........
11-9.........
10-31........
11-6.........
10-9 .........
10-16........
10-18........
11-9 .........
10-9 .........
11-6 .........
10-9 .........
11-12........
11-12........
11-12........
Sample No.
1-CD-13
2-CD-14
1-CD-15
2-CD-16
1-CD-17
2-CD-18
1-CD-9
2-CD-10
1-CD-19
2-CD-20
1-CD-21
2-CD-22
1-CD-25
2-CD-26
1-CD-33
2-CD-34
1-CD-23
2-CD-24
1-CD-27
2-CD-28
1-CD-5
2-CD-6
1-CD-7
2-CD-8
1-CD-11
2-CD-12
1-CD-31
2-CD-32
1-CD-3a
2-CD-4a
1-CD-29
2-CD-30
1-CD-3
2-CD-4
1-CD-39
2-CD-40
1-CD-35
2-CD-36
1-CD-37
2-CD-38
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
19M
19
19.
21ý
19
19
18ý4
19ý
18s5
19 ý
21
22
19ý
17M
21
19 H
21
160
16ý
16ýi
Settling Solids, P.P.M.
Influent
1125.0
980.0
972.0
766.0
624.0
525.0
520.0
325.0
234.3
206.0
173.0
172.5
164.0
146.5
140.6
139.0
117.3
39.6
18.05
15.35
Effluent
72.2
86.6
72.0
85.2
73.3
59.3
76.4
62.0
51.9
61.6
54.6
77.7
104.0
70.5
66.6
46.7
66.6
29.4
14.20
9.60
Per Cent
Reduc-
tion
93.7
91.3
92.3
89.7
88.1
87.0
85.0
81.0
78.0
70.2
68.4
54.9
36.6
51.8
52.5
66.4
43.2
28.2
21.3
37.3
Per Cent
Reduc-
tion Cor-
rected
to 10
deg. C.
72.8
71.7
72.4
67.3
69.4
68.4
67.3
63.4
62.3
55.0
51.4
40.2
28.7
42.0
39.4
51.7
32.5
23.6
18.0
31.5
Residue on
Evaporation,
P.P.M.
Influent
1994
2084
2076
1673
1632
1497
1415
2044
1081
1297
1165
1036
1584
1033
1119
942
1119
742
595
657
Effluent
876
1095
994
950
1044
1033
1192
1105
1062
1105
995
953
1013
956
966
819
966
802
663
657
Influent
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TABLE 22
SUMMARY OF SEDIMENTATION DATA FOR 4-FT. DEPTH AND 90-MIN.
DETENTION PERIOD
Date, 1929
2-5 ..........
2-6 ..........
2-7 ..........
2-8 ..........
2-6 ..........
2-7 ..........
2-5 ..........
2-8 ..........
2-5 ..........
2-7..........
2-8 ..........
2-6 ..........
Sample No.
1-CD-129
2-CD-130
1-CD-135
2-CD-136
1-CD-139
2-CD-140
1-CD-143
2-CD-144
1-CD-133
2-CD-134
1-CD-141
2-CD-142
1-CD-125
2-CD-126
1-CD-147
2-CD-148
1-CD-127
2-CD-128
1-CD-137
2-CD-138
1-CD-145
2-CD-146
1-CD-131
2-CD-132
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
Settling Solids, P.P.M.
Influent
618.0
339.0
336.5
317.0
271.6
198.5
188.5
156.5
126.1
117.9
103.1
81.2
Effluent
87.6
46.4
50.0
50.2
58.5
32.6
35.1
21.3
38.5
43.8
31.8
43.6
Per Cent
Reduc-
tion
86.0
86.4
85.0
84.2
77.8
83.5
81.4
86.4
69.4
63.0
69.2
46.3
Per Cent
Reduc-
tion Cor-
rected
to 10
deg. C.
78.0
74.6
74.9
75.5
69.1
71.6
74.1
75.2
62.1
57.1
60.4
42.0
Residue on
Evaporation,
P.P.M.
Influent
1507
Effluent
1005
lower barrel a. The sludge from the orifice box was allowed to flow at
any desired rate to the sewage orifice box shown in Fig. 27. By the
time that the sewage and added sludge had passed through the ori-
fices of this control device and entered the tank it was thoroughly
mixed, resulting in a strong sewage. The two barrels, when filled at
the beginning of a run, contain sufficient sludge to dose the sewage for
a complete run of the maximum -detention period used in the tests.
The pump which circulated the sludge pumped about 20 gallons a
minute, so a very complete stirring of the sludge was effected through-
out the entire test. Occasionally during a run the sludge was stirred
in the barrels to prevent the settling of grit particles in the system.
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FIG. 29. GENERAL ARRANGEMENT OF TANK C SLUDGE DOSING APPARATUS
66. Method of Making a Run.-At least fifteen minutes before
starting a run fairly thin fresh sludge was drawn from the bottom of
tank C until the two barrels were filled. This was thoroughly mixed
by circulating it through the system. The orifice of the sludge dosing
tank was adjusted to give the proper amount of sludge dosage for the
approximate concentration desired. The orifice of the main orifice
box was so arranged as to give the proper flow for the detention period
desired as described on page 64.
Five minutes after the sludge was turned into the sewage the first
sample was taken from the influent pipe by means of a special sam-
pling pipe which emptied into the weir. Samples of 400 c.c. each were
taken at 3-minute intervals until a composite sample of 3200 c.c. had
been taken. After the period of detention had passed, samples of the
effluent were taken in the same manner as the influent samples. The
temperatures of the influent, effluent, and the center of the sedimenta-
tion basin were taken at about half-hour intervals.
67. Survey of Flow of the Tank.-In order to determine whether a
complete volumetric displacement was taking place during the cal-
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TABLE 23
SUMMARY OF SEDIMENTATION DATA FOR 4-FT. DEPTH AND 120-MIN.
DETENTION PERIOD
Date, 1929
2-12 .........
2-16 .........
2-12 . .......
2-14.........
2-13 .........
2-15 .........
2-14 .........
2-15.........
2-13 .........
2-16 .........
Sample No.
1-CD-149
2-CD-150
1-CD-165
2-CD-166
1-CD-151
2-CD-152
1-CD-159
2-CD-160
1-CD-153
2-CD-154
1-CD-161
2-CD-162
1-CD-157
2-CD-158
1-CD-163
2-CD-164
1-CD-155
2-CD-156
1-CD-167
2-CD-168
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
13
Settling Solids, P.P.M.
Influent
1196.0
804.2
495.0
361.0
228.5
158.5
132.5
113.5
96.2
64.3
Effluent
35.8
Per Cent
Reduc-
tion
97.3
Per Cent
Redue-
tion
at 10
deg. C.
90.1
85.5
83.9
83.1
79.5
68.4
70.5
71.2
71.1
53.0
Residue on
Evaporation,
P.P.M.
Influent
2278
Effluent
1009
culated detention period, and to determine the uniformity of the flow
across the tank, a number of tests were made. The flowing-through
chamber from the influent weir to the effluent weir was entirely free
from baffles, except for a small baffle within an inch of the influent
weir, for the purpose of producing a stilling effect on the flow.
A number of tests were made using fluorescein, but difficulty was
experienced in determining the exact time of the color change pro-
duced in the effluent.
A chloride test of the flow of the tank was made. About 1000
grams of common salt were dissolved in about 3 gallons of water.
This was poured into the influent weir box with the sewage which was
being fed into the tank at a constant rate. At various intervals after
the addition of the salt solution samples were taken from three differ-
ent points of the effluent weir. These samples were taken by means of
rubber tubing which acted as siphons and drew the sewage continu-
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FIG. 30. A CHLORIDE SURVEY OF TANK C
ously from the center and the two sides of the weir, respectively.
A total of about 72 samples were taken, the time interval between
each set of three samples being so arranged as to permit the taking a
large number of samples in the proximity of the calculated detention
period.
Chloride determinations were run on each of these samples, which,
when plotted, gave the results shown in Fig. 30. The fact that the
curves for the three sections of the tank tested lie so close together
proves that a very even flow was being maintained across the tank.
Taking the tank as a whole, the first noticeable increase in the
chloride content of the effluent took place after about 12 minutes, and
this increased slightly until about 25 minutes had elapsed. The
chloride content then remained constant until about 50 minutes had
passed, the maximum amount being present at about 55 minutes.
After 60 minutes the chloride content dropped off rapidly, the maxi-
mum chloride content extending over a period of only about 5 min-
utes. If the point of inflection of the curve is taken as the logical
point for determining the detention period, this point is found to be
at 54 minutes, while the detention period as calculated by displace-
ment for the given flow is 54.1 minutes.
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TABLE 24
SUMMARY OF SEDIMENTATION DATA FOR 2-FT. DEPTH AND 120-MIN.
DETENTION PERIOD
Date, 1929
2-23.........
2-21 .........
2-19 .........
2-22 .........
2-22.........
2-20 .........
2-23 .........
2-21 .........
2-19 .........
2-20.........
Sample No.
1-CB-185
2-CB-186
1-CB-177
2-CB-178
1-CB-171
2-CB-172
1-CB-183
2-CB-184
1-CB-181
2-CB-182
1-CB-173
2-CB-174
1-CB-187
2-CB-188
1-CB-179
2-CB-180
1-CB-169
2-CB-170
1-CB-175
2-CB-176
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
12
Settling Solids, P.P.M.
Influent
884.8
725.0
463.0
397.0
241.0
239.0
157.9
102.5
65.2
47.3
Effluent
20.6
Per Cent
Reduc-
tion
97.6
Per Cent
Reduc-
tion Cor-
rected
to 10
deg. C.
92.5
92.9
88.0
87.3
87.8
87.6
85.2
81.4
82.6
74.0
Residue on
Evaporation,
P.P.M.
Influent
1643
Effluent
864
The slight increase in the chloride content within the first 25 min-
utes apparently indicated that a slight surface flow of increased veloc-
ity was taking place.
A number of tests were made to determine the extent of this flow,
and it was found to take place only in a very thin layer of about Y16
of an inch on the surface of the tank. A very light particle which
would float in this top layer was found to reach the effluent weir in
about 15 to 20 minutes, while a hygrometer bulb extending about 14
of an inch below the surface took about 30 minutes to reach the
effluent weir. Objects which displaced still more liquid had a velocity
nearly equal to that calculated for the detention period.
The significance of these flow tests is that the detention period as
calculated by displacement is sufficiently accurate for the investi-
gations. The more rapid surface flow, being confined to such a thin
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TABLE 25
SUMMARY OF SEDIMENTATION DATA FOR 6-FT. DEPTH AND 120-MIN.
DETENTION PERIOD
Residue on
Settling Solids, P.P.M. Evaporation,
P.P.M.
Average _
Temper-
Date, 1929 Sample No. ature in
Sedimen- Per Cent
tation Per Cent Reduc-
Basin, Influent Effluent Reduc- tion Cor- Influent Effluentdeg. C. tion rected
to 10
deg. C.
2-26......... 1-CF-187 12 1065.0 48.4 95.3 90.5 1913 831
2-CF-188
3-2.......... 1-CF-205 13Hi 628.0 49.5 92.0 84.5 1514 871
2-CF-206
3-1.......... 1-CF-199 13Hi 410.0 43.3 91.9 83.0 1264 846
2-CF-200
2-27......... 1-CF-193 134i 399.8 35.6 91.1 82.3 2609 933
2-CF-194
3-2.......... 1-CF-203 13N 283.0 30.9 89.0 80.5 1160 923
2-CF-204
3-1.......... 1-CF-201 14Hi 196.0 19.2 90.0 79.0 1050 896
2-CF-202
2-28......... 1-CF-197 13 i 115.5 28.6 75.1 67.8 900 770
2-CF-198
2-27......... 1-CF-191 12}i 97.8 29.0 70.4 65.7 937 906
2-CF-192
2-28......... 1-CF-195 13Hi 94.8 35.6 62.4 56.8 1524 853
2-CF-196
2-26......... 1-CF-189 13i 59.6 25.9 56.4 51.2 742 792
2-CF-190
layer, might be disregarded completely because particles which will
settle will not be affected by this thin zone, since they will have passed
out of it before reaching the effluent weir, and will be governed by the
detention period of the deeper zones.
68. Analysis of Samples.-In this series of investigations only the
determinations of the settling solids in the influent and the effluent
were made. These were made according to the settling-solids test
devised by C. V. Erickson, and described on page 66.
69. Results of Tests.-Inasmuch as the results of this investigation
depended largely upon the assumption that a strong sewage could be
duplicated by adding fresh sludge to a weak sewage, it seemed neces-
sary to show that this assumption was true. A number of results
show this very conclusively. Some of them are as follows:
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TABLE 26
SUMMARY OF SEDIMENTATION DATA FOR 8-FT. DEPTH AND 120-MIN.
DETENTION PERIOD
Date, 1929
3-15 .........
3-16 .........
3-15.........
3-14.........
3-13.........
3-13.........
3-14.........
3-16.........
3-12.........
3-18.........
3-12.........
3-18 .........
Sample No.
1-CH-219
2-CH-220
1-CH-225
2-CH-226
1-CH-221
2-CH-222
1-CH-217
2-CH-218
1-CH-213
2-CH-214
1-CH-211
2-CH-212
1-CH-215
2-CH-216
1-CH-223
2-CH-224
1-CH-207
2-CH-208
1-CH-229
2-CH-230
1-CH-209
2-CH-210
1-CH-227
2-CH-228
Settling Solids, P.P.M.
Influent Effluent
103.2
Average
Temper-
ature in
Sedimen-
tation
Basin,
deg. C.
12i
13W
12ý
15i
15
1434
13
16
12
16ý
11
Per Cent
Reduc-
tion
89.6
Per Cent
Reduc-
tion Cor-
rected
to 10
deg. C.
83.7
77.1
76.6
76.0
77.8
70.3
72.9
69.5
46.7
64.6
45.8
60.7
Residue on
Evaporation,
P.P.M.
Influent
1526
Effluent
616
The results of tests on the 2-foot depth and 120-minute detention
period given in Table 24 contain a good example of the close relation-
ship between the dosed and undosed sludges. Sample No. 173, which
was of a sludge-dosed sewage of a final concentration of 239 parts per
million of settling solids, gave a removal of settling solids of 87.6 per
cent at 10 deg. C. Sample No. 181 was of an undosed sewage of a
concentration of 241 parts per million, and was taken on a different
day. It gave a removal of settling solids of 87.8 per cent at 10 dek C.
It was found that a curve drawn through the points obtained by
plotting the per cent reduction of settling solids against concentra-
tions of sewages whose concentration was increased artificially,
996.0
561.0
369.0
307.0
281.0
276.2
272.0
184.2
117.0
88.4
86.0
77.2
86.9
67.8
38.0
29.9
60.8
47.2
45.3
52.6
28.3
39.1
28.1
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FIG. 32. RELATION BETWEEN PER CENT REDUCTION IN SETTLING SOLIDS AND CONCENTRATION FOR DIFFERENT DEPTHS FOR 10 DEG. C.
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FIG. 33. RELATION BETWEEN PER CENT REMOVAL AND DETENTION PERIOD
FOR VARIOUS CONCENTRATIONS OF SETTLING SOLIDS
agreed very well with a curve drawn through points representing the
results obtained for different concentrations of normal sewages.
Tests were made on four different depths, namely, those of 2, 4, 6, and
8 feet, and on six different detention periods, namely, those of 27, 36,
45, 54, 90, and 120 minutes. About twelve concentrations of sewage
were tested for each of these depths and detention periods. The
results of these tests are shown in the various tables in this chapter.
The relation between the per cent removal and the concentration
of settling solids in the influent for the different detention periods is
shown in Fig. 31. The relation between the per cent removal of
settling solids and the concentration of the sewage for different depths
is shown in Fig. 32. The greater removal for the shallower depths
seems to fit in very nicely with the theory as given by Carpenter.
The relation between the per cent removal and the detention per-
iod for various concentrations of settling solids is shown in Fig. 33.
70. Analysis of Results.-An attempt was made to adjust the
formulas derived by Carpenter to fit the results obtained in this in-
vestigation, but it was found that only a purely empirical formula
could be obtained to express the relationship between the various
factors. In obtaining the expression for this relationship each series
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of tests was considered separately, and an expression found which
fitted the results of that particular series. Then these various empir-
ical formulas for any one depth were combined to give the relation be-
tween the detention period D, the concentration C, and R, the per
cent removal of settling solids at 10 deg. C., which was found to be:
R = (D + 226) CS3.72 216 - D]3.72[C +
In a like manner an expression for the relation between the depth
of concentration d, and per cent removal at 10 deg. C. for any one
detention period was derived, being as follows:
(61 - d) C
0.61 (C + 40)
As a result of Carpenter's investigation and a study of Hazen's
and Schone's formulas the relation between the per cent removal and
the temperature was taken to be
[ 40]
in which t is the temperature in degrees centigrade. This seemed to
hold true for the results found in these tests, for in every case the
locations of the plotted points representing results obtained under
test conditions were changed sufficiently to approach a smooth curve,
when the temperature corrections according to this formula were ap-
plied to give results at 10 deg. C.
When these three formulas are combined the expression for the
empirical relation between the factors influencing sedimentation be-
comes:
S40 1 (61 - d) (D + 226)
S 50 - J 2.27 (C+40) (C+ 2.4
in which:
R = per cent removal of settling solids
D = detention period in minutes
d = depth in feet
C = concentration of settling solids in the influent in parts per
million
t = average temperature of the sedimentation basin in degrees
centigrade
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This formula will hold for detention periods up to 120 minutes.
The sedimentation which takes place after this is due to factors other
than those normally connected with the subsidence of settling solids,
such as bacterial actions, the settling of semi-colloidal matter, etc.
This empirical formula gives results agreeing very closely with
those obtained in the tests, as is shown by the comparison of the
curves in Fig. 31. The formula was applied to the observed data
given by G. A. Johnson in connection with experiments at Columbus,
Ohio,* and was found to give results which agreed very closely with
his experimental data.
71. Conclusions.-As a result of these studies on the sedimenta-
tion of suspended matter in sewage it has been found impossible to
arrive at a theoretical expression for the relation between the various
factors. However, from the results of a very large number of tests,
in which all of the controllable factors were controlled, an empirical
equation was devised expressing the relationship between the several
variables. This expression is given on page 82.
It was concluded that the effect of the velocity of flow on the sedi-
mentation of particles was negligible if it was below 10 feet per
minute.
For concentrations below about 150 parts per million it was found
that the results for the determination of the per cent reduction of
settling solids were quite erratic. This is probably due to the relative
importance of uncontrollable factors when the concentration is com-
paratively low. The empirical formula gives a fairly good average
result for these low concentrations, although it does not fit the data
quite as well as in the case of higher concentrations. In the design of
sedimentation basins, concentration above 200 parts per million
would control since the maximum conditions to be expected would
form the basis for the design.
VI. GAS PRODUCTION IN IMHOFF TANKS
72. Object of Tests.-Tests were conducted, on the deep Imhoff
tank used in the experiments described in Part II, for the purpose of
determining the quality and quantity of gas produced in an Imhoff
tank.
73. The Tests.-The tests on the factors governing the production
of gas in an Imhoff tank were divided into two parts; one in which the
temperature of the sludge-digestion chamber of the tank was not con-
*Report on Sewage Purification at Columbus, Ohio, 1905.
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FIG. 34. DETAILS OF GAS COLLECTING APPARATUS IN TANK B
trolled, and the other part in which the temperature of the sludge-
digestion chamber was controlled.
74. Description of Tank.-The deep Imhoff tank described on
page 18, was used for the tests on gas production. The gas vents of
the tank were trapped, and the gas was collected by means of the
apparatus shown in Fig. 34. A detail drawing of the wooden grids
which were placed under the gas collecting hoods on each side of the
tank is shown in Fig. 34. The purpose of the grids was to prevent
the clogging of the gas line by the entrance of scum. A gasometer of
the floating drum type was used for the purpose of collecting and
measuring the quantity of gas formed.
A hot-water circulating system, as shown in Fig. 37, was used in
the second part of the tests for the purpose of controlling the tempera-
ture in the sludge-digestion compartment.
75. Operation.-Fresh sewage was allowed to flow continuously
,through the tank, the average detention period, figured by displace-
ment, being 1.86 hours. The volume of sludge in the tank was cal-
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culated from the sludge level in the tank, which was determined
weekly by means of the sludge-level apparatus described on page 29.
In the first part of the tests the temperature of the sludge-digestion
compartment was determined semi-weekly as described on page 34.
When the heating system was put into operation, the temperatures at
five different depths in the tank were taken by means of bottles filled
with clear water. These bottles were suspended at different points
along a chain and were drawn to the surface for readings. The tem-
perature of each bottle was taken three times a day to assure the
proper temperature control of the heating unit. The hydrogen-ion
concentration of the sludge in the tank was determined weekly.
76. Results of Tests.-Average values for the gas production, the
temperature of the sludge compartment, the hydrogen-ion concen-
tration, and the volume of sludge in the tank during the first part of
the test in which the temperature was not controlled are shown graph-
ically in Fig. 35. The observation of the rate of building up of sludge
in the tank was made possible because only a small amount of sludge
was used for seeding. This rate is shown graphically in Fig. 35. The
relation between the amount of gas produced and the volume of
sludge in the sludge compartment is well demonstrated because other
conditions such as hydrogen-ion concentration and temperature of
the sludge compartment were approximately constant during this
period.
The average flow of gas for the entire period of the test was 46.6
cubic feet per twenty-four hours or, on a basis of a flow of sewage of
19 500 gallons per day, it was 2380 cubic feet per million gallons of
sewage. According to the figures of the Sanitary District of Cham-
paign and Urbana, the average sewage flow is 3 500 000 gallons per
day, computed on a yearly flow basis. The population of the city of
Champaign is 24 000 and that of Urbana is 14 000. The student body
of the University of Illinois of 10 000 is in attendance but nine months
of the year, making a tributary population of 7 500 persons on a yearly
basis. The total tributary population is, therefore, equivalent to
45 500 making a yearly average of about 80 gallons of sewage per
capita per day. Using this figure the average flow of gas would be
0.298 cubic feet per capita per day. Dr. Karl Imhoff* obtained the
figure of 0.3 cubic feet per capita per day as the average gas produc-
tion from Imhoff tanks in the Emscher District in Germany from
an ordinary domestic sewage.
After the installation of the hot-water circulating system for con-
trolling the temperature of the sludge-digestion compartment, it was
*Karl Imhoff, Chief Engineer, Ruhrverband, Essen, Germany.
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FIG. 36. RELATION BETWEEN GAS PRODUCTION AND TEMPERATURE
IN IMHOFF TANKS
possible to obtain slightly higher temperatures than were obtained in
the previous period. However, it was found that the maximum tem-
perature that could be obtained in the sludge chamber with the heat-
ing apparatus on hand was about 24 deg. C. This was due to the
constant cooling effect of the sewage passing through the tank.
The temperature of the sludge compartment was gradually in-
creased to the maximum value possible with the apparatus on hand,
and then allowed to fall. The relation between the amount of gas
produced and the temperature of the sludge-digestion chamber is
well demonstrated because other conditions such as the volume of
sludge in the tank and the hydrogen-ion concentration were approxi-
mately constant during this period. This relationship is shown graph-
ically in Fig. 36.
77. Quality of Gas Produced.-Analyses of the gas produced were
made occasionally, an Illinois gas apparatus* being used. The results
of the gas analyses obtained in these tests are given in Table 27.
The presence of oxygen is believed to be due to air contamination
of the samples.
78. Conclusions.-From the results of tests on the production of
gas in an Imhoff tank the following facts have been demonstrated:
*For a description of the Illinois gas apparatus see "The Analysis of Fuel Gas," Univ. of Ill. Eng.
Exp. Sta. Cir. 12, 1924.
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TABLE 27
ANALYSES OF IMHOFF TANK GAS
Composition in Per Cent
Date Source
COs 02 H 2  CH 4  N 2
June 21, 1926 ......... East Vent 11.8 1.2 4.6 70.20 12.20
West Vent 9.6 1.0 0.0 66.15 23.25
February 7, 1927....... East Vent 15.3 0.4 1.3 63.30 3.70
February 24, 1927...... East Vent 10.8 2.6 1.2 61.10 13.90
April 6, 1927........... East Vent 4.5 0.9 2.0 73.70 15.30
Average ........... 10.4 0.8 1.8 66.89 13.67
(1) The amount of gas produced in an Imhoff tank increases with
an increase in the amount of sludge accumulating in the tank, this fact
being especially noticeable when the tank is first seeded (see Fig. 35).
(2) The temperature of the sludge-digestion chamber has a
marked effect upon the gas production, the gas production increasing
with an increase in temperature. It was not possible to obtain tem-
peratures higher than 24 deg. C. with the apparatus on hand, so that
the upper limit of this relationship could not be determined (see
Fig. 36).
(3) The grids placed under the gas collecting hoods are quite ef-
fective in preventing the formation of a heavy scum at this point.
This is probably due to the fact that the grids are submerged, which
causes the scum to remain moist while its gas is being liberated. After
the gas has been liberated the material gradually sinks to the bottom
of the tank.
(4) The average quantity of gas obtained from the Champaign
sewage, an ordinary domestic sewage, was about 0.3 cubic foot per
capita per day. This amount of gas would not appear to be sufficient
to warrant its collection and distribution as a public gas supply. It
might be feasible to utilize the gas for fuel purposes about a sewage
treatment plant, and to aid in keeping the temperature of the tanks
at least up to the temperature of the incoming sewage in the colder
months.
(5) It is not practicable to heat the sludge-digestion chamber of
an Imhoff tank above the temperature of the incoming sewage for the
following reasons:
(a) The amount of heat lost by the flow of sewage through the
tank is so great as to prevent the heating of the sludge chamber be-
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yond a certain temperature depending upon the temperature of the
incoming sewage. With the type of heating unit used it was not pos-
sible to raise the temperature of the sludge-digestion chamber above
24 deg. C., while the temperature of the effluent from the tank was,
on the average, 10 deg. C. higher than the influent. Since the average
flow through the tank was 13.5 gallons per minute, this would mean a
loss of 2020 B.t.u. per minute or 149 000 000 B.t.u. per million gal-
lons of sewage from this source alone.
(b) In order to offset the loss of heat due to the passage of the
sewage through the tank, the temperature of the heating coils would
be so great as to cause the sludge in close proximity to be heated ex-
cessively, and thereby digestion might be inh ited.
(c) When the sludge digestion chamber is heated above the tem-
perature of the sewage in the flowing-through chamber convection
currents are set up through the slot with resulting disturbance of
sedimentation.
VII. GAS PRODUCTION IN SEPARATE SLUDGE-DIGESTION TANKS
79. Object of Tests.-The object of this investigation was to deter-
mine the factors governing the quantity and quality of gas produced
in a separate sludge-digestion tank.
80. The Tests.-The tests were carried out for a number of differ-
ent temperatures. The temperature of the tank was held nearly con-
stant during any one test period. The tests extended over a period of
about 6 months.
81. Description of Tank.-The deep Imhoff tank described on
page 84 was used for this series of tests, a cover being installed over
the flowing-through chamber to collect gas from this position of the
tank. Since the sloping walls of the flowing-through chamber of the
Imhoff tank were not removed, the tank was divided into two cham-
bers connected only by the trapped slot at the bottom of the upper
chamber. The general arrangement of the tank is shown in Fig. 37.
The gas vents were arranged with hoods and connecting piping to
collect and measure the gas from these two chambers separately in
two gasometers of the floating drum type. A hot-water circulating
system was used to control the temperature of the tank.
As a result of tests made by Dr. Buswell of the Illinois State Water
Survey on separate sludge digestion, it was found that the clogging of
the gas vents by scum could be overcome by the circulating of liquor
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FIG. 37. ARRANGEMENT OF TANK B FOR A COMBINED SYSTEM OF TWO-STAGE
SEPARATE SLUDGE DIGESTION
from the center of the digestion tank to the top of this scum. In the
construction of the tank used in this investigation provision was made
for the circulating of liquor from the center of either compartment to
the top of its respective gas vents. In addition, the upper compart-
ment was equipped with a spray system to distribute the liquor over
the entire surface of the scum layer under the cover. This arrange-
ment is shown in Fig. 37.
82. Operation.-Fresh sludge which had been settled in an Imhoff
tank of the same design as tank B was pumped three times a day to a
measuring barrel. After being sampled and measured it was allowed
to pass into the upper compartment of the separate sludge-digestion
tank at a point about one foot above the slot. The liquor displaced
from the tank was allowed to pass off by means of a pipe located at
the mid-point of the upper chamber and at the opposite side of the
tank from that at which the solids are added. The effluent liquor was
measured and sampled.
The temperature at five different depths in the tank was taken at
each pumping period according to the procedure described on page 85.
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TABLE 28
CUBIC FEET OF GAS PRODUCED PER POUND OF VOLATILE MATTER BASED ON TESTS
EXTENDING OVER THREE-WEEK PERIODS
Average Temperature Cubic Feet of Gas per Average Temperature Cubic Feet of Gas per
of Tank in deg. C. Pound of Volatile Solids of Tank in deg. C. Pound of Volatile Solids
17 3.22 25 7.06
21 3.86 26 8.52
83. Analyses.--Determinations were made of the total solids in
the sludge added to the tank and in the liquor displaced from the
tank. Determinations of the ash in the sludge added were made
,weekly on composite samples of the residue from the total solids
determinations.
Determinations of the pH of the liquor in each compartment and
analyses of the gas of each compartment were made weekly.
84. Results of Tests.-Values for the daily rate of gas production
and the temperature of each compartment for the period during which
the gas was collected separately from the two compartments are
shown in Fig. 38. Semi-weekly totals of the solids added to the tank
are also shown in this figure.
The tests made during this investigation were so designed as to
ive a direct relation between the amount of gas produced and the
emperature of the compartment, by holding the temperature con-
stant over periods of about one week for each test. However, it was
found that a definite relationship between the temperature and the
-ount of gas produced could not be obtained in this manner, due to
,he fact that during the period of low temperatures the sludge built
up in the tank at a more rapid rate due to the slower digestion, and
later gave off gas during the higher temperature periods. Therefore
it was found necessary to base the relationship between the gas pro-
duction and the temperature upon tests extending over three weeks or
nore at a constant temperature.
Table 28 gives the amount of gas produced per pound of volatile
solids for various temperatures, based on tests extending over three-
week periods.
As a result of the unusual design of the tank used in this investi-
gation some interesting results were obtained. It was found that the
greater portion of the grease in the sludge remained in the upper com-
partment of the tank, while the heavier particles passed through the
slot into the lower compartment.
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RESULTS OF TESTS ON SEWAGE TREATMENT
The gas vents of the lower compartment remained free from scum
at all times during the test, even though for a period of time a direct
flow was caused from the upper to the lower compartment by the
drawing of liquor from the lower compartment and the spraying of it
over the scum in the upper compartment. During the later half of the
test on the tank the grids were removed from the vents of the lower
compartment without the subsequent formation of scum.
The scum in the upper compartment became quite hard, and
reached a thickness of about 21 inches before any liquor circulation
was begun. An analysis showed it to be about 45 per cent grease with
a pH of 7.5.
It required about one week of continuous liquor circulation to
soften the scum in the upper compartment; after this it was kept
sufficiently thin and soft to allow gas to pass off freely with about
three hours circulating per day. A spray of liquor of about ten
gallons per minute was used during this period.
It was found that the liquor displaced from the tank was quite low
in solids at all times. This was probably due to the fact that it came
from the primary compartment, which is free from disturbance due
to gas currents. Analyses of samples of the liquor in the lower com-
partment showed it to contain about twice as great an amount of
solids as the upper compartment liquor.
The amount of gas produced in the upper compartment by the
digestion of the scum ranged from 50 to 75 per cent of the total gas
produced in the tank, the average for the entire test being about
56 per cent.
The gas from the upper compartment was consistently higher in
carbon dioxide and slightly lower in methane, as would be expected
from the predominance of grease in this chamber. The average pH
for the upper chamber was about 7.4 as compared with 7.0 for the
lower chamber. Table 29 gives the gas analyses and pH values for
the two compartments.
The heating of the tank seemed to have a more pronounced effect
upon the gas production of the upper chamber than on that of the
lower chamber. The amount of gas from the upper compartment also
fell off more rapidly after the last sludge was added to the tank than
did the lower compartment gas.
The heating value of the combined gas from the tank as figured
from the average analysis was found to be about 750 B.t.u. per cubic
foot.
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85. Conclusions.-The results of this investigation show it to be
advantageous to carry on the digestion of sludge in two stages, the
first stage of digestion taking place in an upper compartment which is
separated from the lower compartment by a slot trapped against the
reverse flow of gas. With this arrangement there is a constant trans-
fer of sludge from the primary to the secondary compartment without
the necessity of pumpage or supervision.
Scum is formed only in the primary or upper compartment so that
it is necessary to resort to liquor circulation in this one chamber only
for the softening of the scum to allow the passage of gas through the
vents. As soon as this scum becomes sufficiently digested to settle,
and therefore to cease causing trouble, it passes through the slot into
the lower compartment for further conditioning.
Since the material in the primary chamber will pass into the
secondary compartment as soon as it becomes partly digested, only a
comparatively small volume is necessary for this chamber. In the
investigation reported in this chapter a volume of about 0.10 cubic
foot per capita was found to be more than adequate for the primary
chamber. The size of the secondary chamber is governed by the
amount of storage necessary and the degree of digestion desired. It
was found that, for a storage period of six months, about 0.25 cubic
foot per capita was required for the lower compartment, provided the
temperature of the compartment was maintained between 20 deg. and
25 deg. C.
The amount of solids passing from the tank is small. There is
comparatively little gas generation below the scum in the primary
compartment. The liquor displaced from the tank when fresh sludge
is added, is, therefore, comparatively free from solids because of the
quiescent sedimentation allowed. The liquor in the upper portion of
the digestion compartment of a single-chamber separate sludge-di-
gestion tank in which gas is generated near the bottom, is high in
solids due to the disturbance caused by rising gas bubbles.
From a comparison of the rate of gas production for various tem-
peratures, as shown in Table 28, it was found that the rate of gas pro-
duction at 26 deg. C. was more than two and one-half times as great
as at 17 deg. C. This fact would bring up the consideration of the
economy of heating the sludge-digestion chamber in the production
of gas, and the subsequent speeding up of the digestion rate. It was
calculated that on a basis of a separate sludge-digestion tank instal-
lation for a population of 10 000, a total heat value of 1 850 000 B.t.u.
per 24 hours would be obtained from the gas produced at a digestion
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temperature of 17 deg. C. If the temperature of the digestion tank
were maintained at 26 deg. C. it was calculated that a total of
3 010 000 B.t.u. would be generated, of which 710 000 would be re-
quired to maintain the temperature of the tank, leaving 2 300 000
available. This represents a net increase of 450 000 B.t.u. per day.
The rate of sludge digestion at the higher temperature would be
greatly increased and less storage space would be required.

RECENT PUBLICATIONS OF
THE ENGINEERING EXPERIMENT STATIONt
Bulletin No. 154. An Investigation of the Translucency of Porcelains, by C. W.
Parmelee and P. W. Ketchum. 1926. Fifteen cents.
Bulletin No. 155. The Cause and Prevention of Embrittlement of Boiler Plate,
by S. W. Parr and F. G. Straub. 1926. Thirty-five cents.
Bulletin No. 156. Tests of the Fatigue Strength of Cast Steel, by H. F. Moore.
1926. Ten cents.
Bulletin No. 157. An Investigation of the Mechanism of Explosive Reactions,
by C. Z. Rosecrans. 1926. Thirty-five cents.
Circular No. 13. The Density of Carbon Dioxide with a Table of Recalculated
Values, by S. W. Parr and W. R. King, Jr. 1926. Fifteen cents.
Circular No. 14. The Measurement of the Permeability of Ceramic Bodies, by
P. W. Ketchum, A. E. R. Westman, and R. K. Hursh. 1926. Fifteen cents.
Bulletin No. 158. The Measurement of Air Quantities and Energy Losses in
Mine Entries, by Alfred C. Callen and Cloyde M. Smith. 1927. Forty-five cents.
Bulletin No. 159. An Investigation of Twist Drills. Part II, by B. W. Benedict
and A. E. Hershey. 1926. Forty cents.
Bulletin No. 160. A Thermodynamic Analysis of Internal Combustion Engine
Cycles, by G. A. Goodenough and J. B. Baker. 1927. Forty cents.
Bulletin No. 161. Short Wave Transmitters and Methods of Tuning, by J. T.
Tykociner. 1927. Thirty-five cents.
Bulletin No. 1631. Tests on the Bearing Value of Large Rollers, by W. M. Wil-
son. 1927. Forty cents.
Bulletin No. 163. A Study of Hard Finish Gypsum Plasters, by Thomas N.
McVay. 1927. Thirty cents.
Circular No. 15. The Warm-Air Heating Research Residence in Zero Weather,
by Vincent S. Day. 1927. None available.
Bulletin No. 164. Tests of the Fatigue Strength of Cast Iron, by H. F. Moore,
S. W. Lyon, and N. P. Inglis. 1927. Thirty cents.
Bulletin No. 165. A Study of Fatigue Cracks in Car Axles, by H. F. Moore.
1927. Fifteen cents.
Bulletin No. 166. Investigation of Web Stresses in Reinforced Concrete Beams,
by F. E. Richart. 1927. Sixty cents.
Bulletin No. 167. Freight Train Curve-Resistance on a One-Degree Curve and
a Three-Degree Curve, by Edward C. Schmidt. 1927. Twenty-five cents.
Bulletin No. 168. Heat Transmission Through Boiler Tubes, by Huber 0. Croft.
1927. Thirty cents.
Bulletin No. 169. Effect of Enclosures on Direct Steam Radiator Performance,
by Maurice K. Fahnestock. 1927. Twenty cents.
Bulletin No. 170. The Measurement of Air Quantities and Energy Losses in
Mine Entries. Part II, by Alfred C. Callen and Cloyde M. Smith. 1927. Forty-
five cents.
Bulletin No. 171. Heat Transfer in Ammonia Condensers, by Alonzo P. Kratz,
Horace J. Macintire, and Richard E. Gould. 1927. Thirty-five cents.
Bulletin No. 172. The Absorption of Sound by Materials, by Floyd R. Watson.
1927. Twenty cents.
*Bulletin No. 173. The Surface Tension of Molten Metals, by Earl E. Libman.
1928. Thirty cents.
*Circular No. 16. A Simple Method of Determining Stress in Curved Flexural
Members, by Benjamin J. Wilson and John F. Quereau. 1928. Fifteen cents.
Bulletin No. 174. The Effect of Climatic Changes upon a Multiple-Span Re-
inforced Concrete Arch Bridge, by Wilbur M. Wilson. 1928. Forty cents.
tCopies of the complete list of publications can be obtained without charge by addressing the
Engineering Eperiment Station, Urbana, Ill.
*A limited number of copies of the bulletins starred are available for free distribution.
ILLINOIS ENGINEERING EXPERIMENT STATION
Bulletin No. 175. An Investigation of Web Stresses in Reinforced Concrete
Beams. Part II. Restrained Beams, by Frank E. Richart and Louis J. Larson.
1928. Forty-five cents.
Bulletin No. 176. A Metallographic Study of the Path of Fatigue Failure in
Copper, by Herbert F. Moore and Frank C. Howard. 1928. Twenty cents.
Bulletin No. 177. Embrittlement of Boiler Plate, by Samuel W. Parr and Fred-
erick G. Straub. 1928. None available.
*Bulletin No. 178. Tests on the Hydraulics and Pneumatics of House Plumbing.
Part II, by Harold E. Babbitt. 1928. Thirty-five cents.
Bulletin No. 179. An Investigation of Checkerbrick for Carbureters of Water-
gas Machines, by C. W. Parmelee, A. E. R. Westman, and W. H. Pfeiffer. 1928.
Fifty cents.
Bulletin No. 180. The Classification of Coal, by Samuel W. Parr. 1928. Thirty-
five cents.
Bulletin No. 181. The Thermal Expansion of Fireclay Bricks, by Albert E. R.
Westman. 1928. Twenty cents.
*Bulletin No. 182. Flow of Brine in Pipes, by Richard E. Gould and Marion I.
Levy. 1928. Fifteen cents.
Circular No. 17. A Laboratory Furnace for Testing Resistance of Firebrick to
Slag Erosion, by Ralph K. Hursh and Chester E. Grigsby. 1928. Fifteen cents.
*Bulletin No. 183. Tests of the Fatigue Strength of Steam Turbine Blade Shapes
by Herbert F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1928. Twenty-
five cents.
*Bulletin No. 184. The Measurement of Air Quantities and Energy Losses in
Mine Entries. Part III, by Alfred C. Callen and Cloyde M. Smith. 1928. Thirty-
five cents.
*Bulletin No. 185. A Study of the Failure of Concrete Under Combined Com-
pressive Stresses, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown. 1928.
Fifty-five cents.
*Bulletin No. 186. Heat Transfer in Ammonia Condensers. Part II, by Alonzo
P. Kratz, Horace J. Macintire, and Richard E. Gould. 1928. Twenty cents.
*Bulletin No. 187. The Surface Tension of Molten Metals. Part II, by Earl E.
Libman. 1928. Fifteen cents.
*Bulletin No. 188. Investigation of Warm-Air Furnac'es and Heating Systems.
Part III, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1928. Forty-
five cents.
*Bulletin No. 189. Investigation of Warm-Air Furnaces and Heating Systems.
Part IV, by Arthur C. Willard, Alonzo P. Kratz, and Vincent S. Day. 1929. Sixty
cents.
*Bulletin No. 190. The Failure of Plain and Spirally Reinforced Concrete in Com-
pression, by Frank E. Richart, Anton Brandtzaeg, and Rex L. Brown, 1929. Forty
cents.
Bulletin No. 191. Rolling Tests of Plates, by Wilbur M. Wilson. 1929. Thirty
cents.
*Bulletin No. 192. Investigation of Heating Rooms with Direct Steam Radiators
Equipped with Enclosures and Shields, by Arthur C. Willard, Alonzo P. Kratz,
Maurice K. Fahnestock, and Seichi Konzo. 1929. Forty cents.
*Bulletin No. 193. An X-Ray Study of Firebrick, by Albert E. R. Westman.
1929. Fifteen cents.
*Bulletin No. 194. Tuning of Oscillating Circuits by Plate Current Variations,
by J. Tykocinski-Tykociner and Ralph W. Armstrong. 1929. Twenty-five cents.
Bulletin No. 195. The Plaster-Model Method of Determining Stresses Applied
to Curved Beams, by Fred B. Seely and Richard V. James. 1929. Twenty cents.
*Bulletin No. 196. An Investigation of the Friability of Different Coals, by Cloyde
M. Smith. 1929. Thirty cents.
*Circular No. 18. The Construction, Rehabilitation, and Maintenance of Gravel
Roads Suitable for Moderate Traffic, by Carroll C. Wiley. 1929. Thirty cents.
*Bulletin No. 197. A Study of Fatigue Cracks in Car Axles, Part II, by Herbert
F. Moore, Stuart W. Lyon, and Norville J. Alleman. 1929. Twenty cents.
*Bulletin No. 198. Results of Tests on Sewage Treatment, by Harold E. Babbitt
and Harry E. Schlenz. 1929. Fifty-five cents.
*A limited number of copies of the bulletins starred are available for free distribution.


THE UNIVERSITY OF ILLINOIS
THE STATE UNIVERSITY
Urbana
DAVID KINLEY, Ph.D., LL.D., President^
THE UNIVERSITY INCLUDES THE FOLLOWING DEPARTMENTS:
The Graduate School
The College of Liberal Arts and Sciences (Curricula: General with majorasin
the Humanities and the Sciences; Chemistry and Chemical Engineering;
Pre-legal, pre-medical, and Pre-dental; Pre-journalism, Home Economics,
Economic Entomology, and Applied Optics)
The College of Commerce and Business Administration (Curricula': General
Business, -Banking and Finance, Insurance, Accountancy, Railway Adminis-
tration, Railway Transportation, Industrial Administration, Foreign Com-
merce, Commercial, Teachers, Trade and Civic Secretarial Service, Public
Utilities, Commerce and Law)
The College of Engineering (Curricula: Architecture, Ceramics; Architectural,
Ceramic, Civil, Electrical, Gas, General, Mechanical, Mining, and Railway
Engineering; Engineering Physics)
The College of Agriculture (Curricula: General Agriculture; Floriculture; Home
Economics; Landscape Architecture;, Smith-Hughes-in conjunction with the
College of Education) / ,
The College of Education (Curricula: Two year, prescribing junior standing for
admission - General Education, Smith-Hughes Agriculture, Smith-Hughes
Home Economics, Public School Music; Four year, admitting from the high
school-Industrial Education, Athletic Coaching, Physical Education. The
University High School is the practice school of the College of Education)
The School of Music (four-year curriculum)
The College of Law (three-year curriculum based on two years of college work.
-For requirements after-January 1, 1929, address the Registrar)
The Library School (two-year curriculum for college graduates)
The School of Journalism (two-year curriculum based on two years of college
work)
The College of Medicine (in Chicago)
'The College of Dentistry (in Chicago)
The School of Pharmacy (in Chicago)
The Summer Session (eight weeks)
Experiment Stations and Scientific Bureaus:\ U. 8. Agricultural Experiment
Station; Engineering Experiment Station; State Natural History Survey-
State Water Survey; State Geological Survey; Bureau of Educational
Research.
The Library collections contain (June 1, 1928) 760,000 volumes and f75,000
pamphlets.
For catalogs and information address
THE REGISTRAR
JUrbana, linoisý

